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Th« Structural Strategy Diagnostic Profile Prelect 
developed the elaboration aodel of instruction as a superior 
alternative to standard instructional sequencing based on 
hierarchical task analysis. The theory conatruction phase, the first 
of tvo phases, identified the instructional variables, postulated 
cause-effect relationships, and proposed optisal configurations of 
instructional conditions and aethods through the construction of a 
BOdel for theoryi ; the second phase included the application of the 
instructional sodel to the design cf a course In a sub ject^aatter 
area and the developaent of procedures for iiplea«nting this aodel in 
the design of new instruction. Four aalor products of the prolect are 
described; (1) an instructional aodel for sequencing, synthesizing, 
and suBsarizing related parts of a subject saxter: (2) a taxonoay of 
the variables that are incl'ided in the aodel: <3t a set of Fcoceaures 
for designing instruction, bas<?d on the instructional aodel: and (4) 
a •blueprint' illustrating the application of those pr'^cedures for 
the redesign of the Navy's Basic Electricity and Electronics course. 
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This flial report is a summary of NPRDC task number 31 
on the Structural Strategy Diagnostic Profile Project, in 
completion of a contract (No. H00123-76-C-02M5, CW-02U5-31) 
with the Navy Personnel Research and Development Center 
(NPRDC) in San Diego, California. 

This report is not intended for practitioners. It 
describes a pioneering effort to find better ways to struc- 
ture (i.e., to sequence and syntnesize) instruction. Much 
work remains to be done to validate the instructional model 
and to field test the instructional design procedures 
developed in this project. 

# 

There are four sections in this summary report. Ihe 
first section describes the procedures that were used in the 
project, dnd it summarizes the nature of the products of the 
project. The second section is an in-depth description of 
the results of the project. The third section discusses the 
applicability of the results to Navy training. And the 
fourth section indicates some areas which we feel have the 
most urgency for further investigation . 
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SECTION 1 
PROCEDURES AND PRODUCTS 
This section describes the procedures that were used in 
the Structural Strategy Diagnostic Profile Prcject, and it 
sunuoarizes the nature of the products of the project. 
Procedures 

There were two major phases to the project: a theory- 
construction phase and an application phase. The theory- 
construction phase entailed three distinct yet interrelated 
autivities (see Figure 1): (1) the identification of the 
instructional variables (i.e., concepts) that are of 
Importance for sequencing, synthesizing, and summarizing 
related parts of a subject natter; (2) the postulation of 
cause-and^ef feet relationships (i.e., principles) among 
those .variables; and (3) the construction of a model (I.e., 
theory) that proposes optimal configurations of instruc- 
tional conditions and methods, based largely on those 
principles^ 



Insert Figure 1 about here 



These three activities of the theory-construction phase 
were cybernetically related as is indicated by Figure 1. 
Therefore, they did not comprise a purely linear sequence, 
as is common in many procedures. . For Instance, in identi- 
fying useful instructional variables, there are many ways in 



Activity 1: 
Idtntity 
Ut«ful 
V»riabl«f 



Activity 2: 
Postulate 
Rclationthipt 
(PrinciplitI 



Activity 3: 
Construct 
a Model 
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Figure 1. The three ectivities comprising the cybernetic, theory-construction phase of 
the project 



which one can clasaify a given set of instructional pheno- 
mena. One could classify methods of instruction according 
to the kind of subject matter being itaught (e.g., methods 
for teaching nathematics, methods for teaching reading), 
according to the medium of instruction (e.g., lecturing 
metLsdu, tutoring methods), according to the nature of the 
student* (methods for early childhood, methods for "special" 
children, methods for the disadvantaged), etc., etc. The 
usefulness of the way in which we conceptualize or classify 
instructional phenoniena depends upon the stability, 
magnitude, and iKfiortance (raeanlngf ulness) of the cause- 
and-eff«cc relationships that are found to exist among those 
concept classes. Hence, the results of postulating prin- 
ciples (activity 2 in Figure 1) lead to the «teceptance, 
rejection, or raodi'/lcation of the variable scheme developed 
(activity 1 In Figure 1). In a similar way, the construe- 
tion of an instructional model (activity 3) can lead to the 
recognition of Importent principles and/or variables that 
were overlooked. 

The application phase , which was the second of the two 
inajor phases of the project, entailed two distinct but again 
related activities: (1) the application of the instruc- 
tional model to the design of a course in a subject-matter 
area, and (2) the development of procedures for implementing 
the instructional model in the design of new instruction. 
This phase was also a cybernetic process. It began with the 
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theoretical development of procedures based upon logic. 
Those procedures were then tried out on designing the 
course, which le<- to modification and elaboration of the 
procedures, which in turn were reapplied to the design of 
the course, etc. 
P roducts 

There were four major products of the project: two lor 
each phase. The theory-construction paase resulted in the 
production of (1) a description of an instructional model 
(or "^heory) for sequencing, synthesizing, ^nd summarizing 
related parts of a subject matter, and (2) a description and 
classification (I.e. a taxonomy) of those concepts or 
variables which are included in that model. An additional 
but minor product of this phase was a list of postulated 
principles which guided the construction of the model. 

The application phase of the project resulted in the 
production of (1) a set of procedures for designing 
instruction, based on the instructional model, and (2) a 
" blueprint " showlrg the result or u.nng those procedures for 
the redesign oV the Navy's Basic Electri-^ity and Electronics 
course. An additional but minor product of this phase was a 
comparison of this "blueprint" with the old structure of the 
same course. 



SECTION 2 
RESULTS OF THE PROJECT 
This section of the final report presents the four 
major products mentioned above: (1) a desoription and 
classification of Instructional concepts or variables that 
are included in the instructional model, (2) a description 
of the model for seo.uencing, synthesizing, and summarizing 
relisted parts of a subject matter, (3) a set of procedi'res 
for designing Instruction according to the model, ar.d a 
** blueprint " of a course derived fros» the use of those 
procedures. The two minor products are also presented 
herein: (1) a list of postulated principles which guided 
the construction of the model and (2) a comparison ol' the 
"blueprint" with the old structure of the same course. This 
section is comprised of slightly modified versions of the 
three progress reports for this project. (Hote: we say 
three progress reports because the fourth report Is a 
revised version of the third report,) 

SECTION 2, PART 1 

CONTEXT OF STRUCTURhL STRATEGIES 
The following Is a general-level classification scheme 
that we believe to be very valuable as a framework for con- 
ceptualizing and Investigating the effects of different 
methods of instruction under different conditions. 
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Because our goal Is to p'-escribe optimal methods of 
instruction, our first classification is the division of the 
world of instruction into three categories: conditions, 
nethods, and outcomes (see Figure 2). 

CONDITIONS: Factors that (a) influence the outcomes of 
one or more methoda of Instruction by interacting with 
that or those methods and (b) cannot be manipulated by 
'■•■e Instructor or textbook writer. 

METHODS: Ways to achieve certain outco-nes under cer- 
tain conditions. If a "method" cannot be manipulated 
m a given situation, it becomes a condition. 
OUTCOMES: The various effects that can result from the 
use of instructional methods and which provide a basis 
for measuring the value of alternative methods. 



Insert Figure 2 about nere 

1 

Methods can be of three kinds: methods for organizing 
instruction, methods for delivering the Instruction to the 
learner, and methods for managing the inter-ction of the 
learner with the instruction (see Figure 3). 

ORGANIZATIONAL STRATEGIES: Methods for deciding how to 
organize the material that has been selected for 
instruction. "Organize" refers to such things as 
choice of words, diagrams, format, and student response 
posdibilitie::^. 



INSTRUCTIONAL 
CONDITIONS 




) « 


INSTRUCTIONAL 






METHODS 







INSTRUCTIONAL 
OUTCOMES 



^1^ For an Imtnictionil rtiMrchtr tht condition vjrlulti snd tht mtthod ttriabtti ar« indtpcndtnt 
variJibiM; snd ^-.tir par«m0ttri mty interact to produca fairly contittant aftacti on tha outcoma 
variablai, which ara d«p«fidant variablaa. 

(2) For an instructional das lonar (a-o.* « profatior or taxtbooli wrltar) tha daslrad outcomai and thd 
conditions ara indapandant variablat which may alto intaract; ind thair paramatars ara utad to 
praieriba good mathoJs of inttrvCtlon which ara tha dtpandant varicblai. 



Figurt Z Throt satogoriM of instructional variables, and two sots of interrelationships 
among those categories. 
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DELIVERY STRATEGIES : Methods for conveying the content 
of the instruction to -ne learner and/or for receiving 
and responding to input from the learner. PgHvery. 
systems are the agents which convey, receive, and/or 
respond to the learr r. 

MANAGEMENT STRATEGIES: Methods for arranging the 
Interaction between the learner and the other method 
V arlables-the organizational and delivery strategy 
components . 



Insert Figure 3 about here 



Next, conditions may be grouped according t-^ which ones 
hjvc the major influence on each of the three classes of 
methods . 

GOALS AND SUB JECT -MATTE Pf* CHARACTERISTICS: Instruc- 
tional go;»ls are statements about what the results of 
the instruction should be. Subject-matter character- 
istics are aspects of all subject-matter areas which 
provide a useful basis for prescribing structural 
strategies. 

CCMSTRAIMTS: Limitations of resources that Influence 
the choice of methods In one way or ar.other. Time, 
equipment, personnel, and money are the most obvious 
constraints In instruction . 



n 
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INOITIONS 



GOALS AND 
SUBJECT-MATTER 
CHARACTERISTICS 



ETHOOS 




JTCOMES 
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STUDENT CHARACTERISTICS: Qualities or aspects of an 
individual atur'ent that Interact with methods to 
affect learning outcomes. Th«>3e include ability, 
motivation, self-concept, and handicaps. 
Thirdly, instructional outcomes may be divided Into 
three categories: learner outccmes, instructional 
Institution outcomes, and sponsoring Institution outcomes. 

LEARNER OUTCOHES: All those outcomes which Impact upon 
the learner. They include the effectiveness, efficien- 
cy, and appeal of the instruction. 

INSTRUCTIONAL INSTITUTION OUTCOHES: All those outcomes 
which impact upon the institution providing the 
instruction* They include learner outcomes, monetary 
costs, management demands, and appeal to personnel. 
SPONSORING INSTITUTION OUTCOMES: All those outcomes 
which Impact upo** the institution that pays for the 
Instruction. They include laarner outcomes, monetary 
costs, and the appeal o^ objectives attained to the 
sponsor. 

These general classes of instructional variables tend 
to interact with each other in fairly consistent ways, as 
indicated by the arrows in Figure 3* But those are by no 
neons the only ways in which they interact. For instance, 
some student variables may interact with some organizational 
strategy variables. 
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within this broad framework of Instructional variables, 
we are currently concerned only with those variables which 
relate to organizational strategies — primarily th« variables 
m the left-hand column in Figure 3. However, there are two 
important kinds of organizational strategies: presentation 
strategies and structural strategies. 

PRESENTATION STRATEGIES: Organizational strategies 

which are methods for organizing the instruction on a 

single construct. 

STRUCTURAL STRATEGIES: Organizational strategies which 
are methods for organizing aspects of Instruction that 
; elate ^to wore than one construct (i.e., to struc- 
tures). 

For our present purposes, we are only Interested in (1) 
structural strategy variables and <2) in those condition 
variables which interact with structural strategy variables. 
The following section Is a taxonomy of the important 
concepts and variables related to structural strategies. 
A TAXONOMY OF VARIABLES RELATED TO 
STRUCTURAL STRATEGItS 

In order to talk in any detail about sequencing and 
synthesizing subject-matter content, a number of new con- 
cepts relating to instruction and some unambiguous labels 
for familiar concepts need to be introduced. The purpose of 
this part of Section 2 is to introduce the basic set of 
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concepts and terminology that will be used throughout the 
ireat of this report in discussing content structure and its 
related instructional strategies. 

We ire interested in developing methods of instruction 
that are highly effective under different conditions. But 
the way we conceptualize and categorize those conditions and 
methods can have a large impact on the stability and use- 
fulness of the relationships that are identified between 
those cond!»:ions and methods. Therefore, a matter of great 
Importance is the manner in which we define and classify all 
the methods and conditions that we wish to investigate; and 
the ultimate value of any classification scheme that we 
adopt is determined by the stability, magnitude, and 
Importance (meaningfulncss) of the cause-and-ef f ect 
relationships that are found to exist among those 
categories. 

There are two factors that can influence the stability 
and magnitude of those cause-and-ef feet relationships: (1) 
the precisencss of definition of the categories and (2) the 
nature of the categories. The nature of the cat egories is 
determined by the way in which referents (objects, symbols, 
and events) are classified. For instance, trees may be 
classified acoording to their age (e.g., seedling, sapUng) , 
their kind cf leaf (e.g., pine, deciduous), or their genus 
(e.g., oak, maple). The instructional world can also be 
"sliced" In different ways. Practically all classification 
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schemes Improve our understanding of the objects, symbols, 
or events being categorized; but some of them will have high 
predictive value, while others will have virtually no value 
for predicting Jthe outcomes of instruction. 

With respect to the preciseness of definition , many 
categories of methods that are frequently used in research 
and theory construction are not very useful because the 
stability of their cause-and-ef feet relationships Is 
Jeopardized by the looseness or the high level of generality 
of their definition. For instance, "lecture" vs. "discus- 
sion group", "inductive" vs. "deductive", and "discovery" 
vs. "reception" may often vary more within each category 
than between categories. In such eases, it is necessary to 
break down thes^ "methods" into their building blocks, and 
to base one's research and theories on those more precise 
and clearly-defined strategy components . 

In this taxonomy of variables related to structural 
strategies, we will first describe and categorize the 
condition variables that we fael are likely to interact with 
structural strategies. Then we will describe and categorize 
the structural strategy variables as we currently concep- 
tualize them. 
Condition Variables 

The two important classes of condition variables that 
interact with the structural strategy variables are subject 
natter characteristics and instructional goa^s. 

18 
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SUBJECT-MATTER CHARACTERISTICS: Aspects of all 
subject-matter areas wMch provide a useful basis for 
prescribing structural strategies. 

INSTRUCTIONAL GOALS: General statements about what the 
results of the Instruction should be (Objectives are 
far more detailed than goals.) 

We shall discuss subject-matter characteristics first. 
But In order to proceed with this taxonomy of conditions 
related to structural strategies, we must first introduce 
some prerequisite concepts. All subject matter has its 
origins in referents. A REFERENT Is en ob lect. event, or 
symbol which exists in our real or imagined environment . 
For convenience, referents are grouped together into 
concepts. A CONCEPT Is a set of referents which are grouped 
together on the basis of one or more common cha racteristics, 
which are referred to as "critical attributes". As 
referents are the atomic particles of subject matter, so 
concepts are the .element i with which all subject matter is 
constructed; and subjec\: matter does not exist except as we 
create it from referents and concepts. 

All subject-matter components can be conceptualized as 
having three parts: a domain, an operation, and a range 
(Merrill, 1973; Merrill & Wood, 1975a, 1975b; Relgeluth, 
Merrill, & Bunderson, 1978; Seandura, 1968, 1970). A DOMAIN 
is comprised of one or more re f e rents of one or more 
concepts , hereafter referred to as "domain concepts". A 
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R ANGE is also coinprlaed of one or more referents of one or 
more concepts , hereafter referred to as "range concepts". 
And an OPERATION describes a partlcu? ar mapping between a 
domain and a range . An operation, when applied to Instances 
of the domain conccpt(s), results In the selection of 
corresponding Instances of the range conceptCs). (See 
Figure 4). The overall construction (I.e., the domain, 
operation, and range taken together) Is referred to as a 
content construct. It will become apparent from the 
examples provided below that constructs are in effect made 
up of other constructs, for domain and range concepts are 
themselves constructs, having their own domain, operation 
and range. 



Insert Figure 4 about here 

However, in addition to comprising other constructs, 
constructs may be grouped into a structure on the basis of a 
single pervasive relation among those constructs (Reigeluth, 
Merrill, & Bunderson, 1978). This single pervasive relation 
is similar to an operation except that (1) the range of one 
o^rrstruct serves as the domain of another construct and (2) 
the pervasive relation serves as the operation for all 
constructs in the structure. Examples of structures are 
also provided below. 



COMPONENTS OF SUBJECT MATTER 




CONSTRUCT 

pEFERENT (iNSTANCE) , A rtf«rdnt (or «nst«nci) it an objtct, mnt* or lymbol which txiiti, or could 
Mlit« in Our cmI or imagined tnvironmtni * 

CONCEPT, A concopt it a Mt of common characttriitics (tttributat) rtftrfinctd by • particular namt or 
labol^ that can ba appUad to a lat of rafaranu (imtancai of that concipt). 

pP^RATIOfi. An oparotion It a function talor a i«t of operators which tpaeifiai a particular mapping 
batwaan a domain and a range. 

DOMAIN. A domain it a tat of rafarentt upon iMrhich the operation aeti or to which it it applied. 

ff^f^ g^ , A range It a tet of referents ^ieh results from the application of an opm 4ticn to a domain. 

CONSTRUCT. A construct it a structure contitting of a domain, an operation, and a range. 



Figurg 4. Th« composition off a content construct 
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Returning to our taxonoml zation for subject-matter 
characteristics , the above-described conceptualization of 
subject matter leads to its classification as constructs, 
structures, and multl- structures. 

CONSTRUCT: A single domain, operation, and range taken 

as a unit. 

STRUCTURE: A "multiple-construct" In which the range 
of one construct Is the domain of another construct 
having the same kind of operation. This single, 
pervasive kind of operation Is referred to as a 
relation . 

MULTI-STRUCTURE: A "multiple-structure" in which the 
relations among two or more structures are shown. 
The major kinds of constructs (which seem to have the 
most utility for prescribing organizational strategics) are: 
facts, concepts, subsets, principles, and steps of pro- 
cedures. (See Relgeluth, Merrill, & Bunderson, 1978, for a 
more detailed description.) Figure 5 Illustrates these five 
kinds of constructs. 

FACT: A one-to-one mapping between two referents (a 
domain and a range), such as "Columbus discovered 
America in 1^92," A common type of fact is an 
identity , Ir. which one referent Is equivalent to the 
other. 
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CONCEPT: A class of referents (the range concept) 
which are g»^ouped on the basis of certain common 
characteristics (the domain concepts). The operation 
specifies either a union ("and") or an Intersection 
("or") relationship among the domain concepts to form 
the range concept* 

SUBSET: A set of concepts which are parts or kinds of 
a single (superordl nate) cuncept. The operation 
specifics that referents of Che subordinate concepts 
(the domain concepts) are either parts or kinds of the 
referents of the superordlnate concept (the range 
concept). 

PRINCIPLE: The operation specifies a cause-and-ef feet 
relationship among several event concepts. The event 
concept that is the cause is the domain concept, and 
the effect is the range. There may be more than one 
concept on the cause and/or the effect side. 
STEP: The specification of specific actloni* to take in 
order trt execute some clearly defined behavior or 
achieve some clearly defined objective. The domain 
concepts are event concepts which represent the actions 
to be taken; the range concept is the objective; and 
the operation Is the order In which the actions should 
be taken* 
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Insert Figure 5 about here 



The major kinds of structures which seen to have the 
nost relevance for organizational strategies are: lists, 
learning structures, conceptual structures, theoretical 
structures (or models), and procedural structures. (See 
Relgeluth, Merrill, & Bunderson, 1978, for a more detailed 
description.) 

LIST: A structure showing a linear (order) relation 
among its constructs. The nature of the linear 
relation may vary — for instance, countries may be 
listed In order of population area, agricultural 
production, birth rate, or an almost Infinite number of 
other characteristics. See Figure 6 for an example. 

Insert Figure 6 about here 



LEARMINC STRUCTURE: A structure showing learning- 

prerequisite relations among its constructs (I.e. 
shows the critical components of principles— which are 
concepts— it shows the critical components or 

attributes of those concepts — which are also usually 

concepts— and so on.) These are often referred to as 

learning hierarchies, but other kinds of structures 

(e.g., parts-type ta. inomic structures and 

procedural-prerequisite structures) are often confused 



CONSTRUCT 



TiM lymbpl tiMmn U 
uttd to rtprmnt 

• vacuum fubt on 

• ichtmotic diagrtm 

of on tiactf onip circuit* 



DOMAIN 



OPERATION 



R^NGE 




Paraliti circuits, 
•tritt drcuiti, 
wnd combination 
circuits irt thrtc 
kindi of circulti. 



Conc<pt 

A circuit it at 
ratonanca whan 
raactiva capact* 
tafWJ and raactiva 
Inductanca ara 
pfosant in aqual 
amounts (in a 
tafias RtC circuit). 



Stap 

To^Wtha 
ohmmatar: 

1. Turn ranga lalac* 
tor to dasirad lattina* 

2. Touch probas togtthar . 

3. Adiust Ohms control 
until a Jcaro reading is 
achieved. 




Principla 

An incraasa in f ra< 
quoncy iA a AC circuit 
produces a dacraasa in 
total currant and an 
incraasa in total 
impadanca. 




Figura 5. An axampfo of each of tha five kinds of constructs 
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Important ttrmi in tttctronio. 
AMPERAGE 
CAPACITANCE 

CURRENT 
FREQUENCY 
IMPEDANCE 
INDUCTION 

PC3WER 
REACTANCE 
RESISTANCE 

Kty: tht ittmt in th« li*t art arranged in alphabatical ordar. 



Figure 6. An example of a list structure. 
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with learning hierarchies. Sec Figure 7 for an 
example. 

Insert Figure 7 about here 



CONCEPTUAL STRUCTURE: A structure showing 

superordinate/ioordinate/subordlnate relations anor'g 
constructs. There are three important typ.*3 of 
conceptual structures: parts taxonomies , which show 
constructs that are components of a given construct; 
kinds taxonomies , which show constructs (usually 
concepts) that are varieties Of a given construct ; and 
matrices (or tables) , which are combinations of two or 
more taxonomies. See Figures 8, 9, and 10 for examples 
of these three kinds of .conceptual structures. 



Insert Figures 8, 5, and 10 about here 



THEORETICAL STRUCTURE: A structure showing change 
relations among constructs. The most common kind of 
theoretical structure, cr model, is that which shows 
empirical relations (see Figure 11). Another Important 
kind Is one which shows logical relations (see Figure 
12), Klausmeler (1977) identified three kinds of 
empirical relations: cause and effect, correlation, 
and probability. He also labeled logical relatlr»:.5 as 




INDUCTOR 



CORE 



COIL 



WIRE 



INSULATION 



Th« liM tMtwtri two boxw on difftrant Itvtli liitiW thM tht lowir box U ■ ptft of thi hlghtr box. 



I - 
□ - 



rtlation (ail iin«t rtprtttnt tbt wma r«iation in ■ itructiT*) 
eonitruet 



NOTE: 



LJ b< 



•Ifo • KonHTv,i, in 
«vlitch cm t**: /tlstion 
iMComtt an operation. 



l-igura 8. An exampla of a partt-taxonomic structura. 






MATTER I 



CONDUCTORS 



IRON 



][ 



COPPER 



CARBON 



NONCONDU CTORS 

T 



GLASS 



RUBBER 



PORCELAIN 



Kiy: Th* lint batwmn two boxti on diffirint itvels meant 
that tht lowtr b( x is t kind of th« higher l>ex. 



Figure 9. An 0x«mpl« of a kinds*:sxonomie structure. 
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KlIlM TAXONOMY 
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axionatlc. One of the major taaks of any dieipline is 
to discover or create logical structures which are 
isomorphic with empirical structures. 

Insert Figures 11 and 12 about h ire 



PROCEDURAL STRUCTURE: A structure showing procedural 
relations among constructs. There are also two 
important kinds of procedural structures: those which 
show procedural-prerequisite relations, which specify 
the order(s) for performing the steps of a single 
procedure, and those which show procedural-decision 
relations , which describe the factors necessary for 
deciding which alternative procedure or sub-procedure 
to use in a given situation. See Figures 13 and H for 
examples. 



Insert Figures 13 and l«l about here 



There is another valuable way in v^hlch content 
structures can be classified. They nay be orientation 
structures or supporting structures (see Figure 15). 

ORXENTATIOH STRUCTURE: A structure which is highly 
inclusive in that It subsuaes all or most of the 
subject matter to be taught. It ma«f be conceptual, 
procedural, or theoretical. 
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KEY: THE ARROW BETWEEN TWO BOXES MEANS THAT THE CHANGE IN ONE BOX 
CAUSES THE CHANGE IN THE OTHER SOX TO OCCUR. 



Figur* 11. An axampl* of 8»i wnpirical-thaorattca] ftructure. 
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KEY: THE MATHEMATICAL SYMBOLS SHOW THE LOGICAL-THEORETICAL 
RELATIONS BETWEEN RESISTANCE tR). ELECTROMOTIVE FORCE (E) 
AND CURRENT (I) IN A SIMPLE SERIES DC CIRCUIT. EMPIRICALLY 
DETERMINED VALUES MAY VARY SLIGHTLY f ^M THE LOGICAL. 



Flgu'f* 12. An ■ximpl* of ■ logical>th«oretie«l ttrueturt. 
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SUPPORTING STRUCTURE: A structure which is much less 
Inclusive than an orien^tion structure and Is nested 
either within an orientation structure or within a more 
inclusive supporting structure. It provides knowledge 
which supports an understanding of the structure within 
which it is nested « i . 



Insert Figure 15 about here 

In reality, the difference between constructs and 
structures is not clear-cut; it is more like a continuum 
with a fuxzy boundary between the two sides. In addition, 
the "push-down- principle" (see Merrill, 1971; Reljeluth, 
Merrill and Bunderson, 1978) can move the boundary along the 
continuum' (toward the construct side) as the learner deepens 
his understanding. Nevertheless, given Its variation with 
tha learner's level of knowledge, the distinction between 
constructs and structures is a useful one for prescribing 
different types of organizational strategics. 

There are at least two kinds of multi-structures that 
are important for specifying structural strategies: nested 
and parallel. 

NESTED MULTI-STRUCTURE: A multi-structure comprised of 
structures which have a construct in coramdn. For 
example, imagine a theoretical structure in a horl- 
zontal plane. Each construct in that theoretical 
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structure could be the top box In a different learning 
structure. Figure 15 for an example. 

PARALLEL MULTI -STRUCTURE: A multi-structure consisting 
of two or more structures which have no concepts In 
common, but which have consistent relations between 
their respective concepts. For example, imagine a 
theoretical structure and a procedural structure in 
parallel planes. I'ach step in the procedural structure 
is related to (and in fact was probably derived from) a 
eo>*respondlng principle In the theoretical structure. 
See Figure 16 for an example. 



Insert Figure 16 about here 



Figure 17 summarizes and synthesizes the conditions 
which are classified as subject matter characteristics. The 
other important class of conditions relating to organiza- 
tional strategies is instructional goals . Coals and 
objectives lie on a continuum from very general to very 
detailed. For our purposes, we are not interested In 
detailed goals, although Merrill's task/content 
classifications (Merrill, Richards, ' Schmidt, & Wood, 1977; 
Merrill and Wood, 1971, 1975b) provide useful categories of 
such objectives for presentation strategies. 
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Figur* 16. An txampi* of • parallel multi-structure. 
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Insert Figure 17 about here 



Ve believe that there are two kinds of general goals 
that have particular vilue for prescribing structural 
strategies: orientation goals and supporting goals. 

ORIENTATION GOALS: The major enphasls of the Instruc- 
tion, with respect to how the student will use the 
subject-aatter content . 

SUPPORTING GOAL: h specification of subject-matter 
content and student behaviors that will enable or 
facllita'te the achl* vement of the orientation goals. 
The parallel between structures and goals continues 
even further because we propose that it Is useful to 
elat;slfy all orientation goals as conceptual, procedural, 
and theoretical. 

CONCEPTUAL ORIENTATION GOAL: The major emphasis of the 
Instruction Is for the student to gain a firm 
understanding (a) of the Important concepts In a 
subject matter and (b) of the Important taxonomlc 
relations among those contepts. This in essence a 
"general education** approach* 

PROCEDURAL ORIENTATION GOAL: The majo- emphasis of the 
instruction is for the student to learn to perform a 
procedure or a set of procedures. 

S8 



CONDITIONS 



lUBJECT-MATTCR 




^ilAD ACTS PI€Tir€ 


IM&TaiJCTIONAL GOALS 


Cttnitrycti 


Oritntitlon Goali 


Faett 


Conatptual 


Conctim 


Procadyral 


SutaMtt 


thtortticsl 






Stapi 




Structurtt 


|upportintt Qotli 


Utti 


EmMing 


LMfnInt itnieturM 


Contiictval 


Conctptu«l ttnicturtfl 


Prooidurii 


ThMfftlcal itructufts 


Explanfttory 


Prootdufil ttnieturai 




Ortoitatioii ttmcturti 




Supportlfif itruoturH 




MuHi-Srrurturtt 




Nvsttd 
ParaiM 





Figurt 17. A summary of th« dauificatiom of tha condition variaiilas tfiat influanca tha 
UN of ttnictura! ttratagias. 



Oft 



23 

THEORETICAL ORIEMTATIOrjfeoALr The major emphasis of the 
instruction is for the student to underst8nd the 
important change relations In a subject matter. This 
type of orientation goal may also be performance-^ 
orient«*>d, but the perfonnance entails broad transfer to 
unfamiliar situations that only a fundamental under- 
standing of underlying processes would be adequate to 
cope with. 

Supporting goals , which are less general than orien- 
tation goals, may be olaasified as enabling, contextual, 
procedural, and explanatory. 

ENABLIHG SUPPORTING GOAL: A supporting goal which 
indicates what a student must know (or be able to do) 
in order to learn (or be able to do) a part of the goal 
which it supports. An enabling goal identifies 
learning prerequisites. 

CONTEXTUAL SUPPORTING COAL: A supporting goal which 
requires ahowiiig the context of a part of the goal 
which It supports. This context is in relation to 
subject-matter content which Is super/ co/nubordlnate to 
it. 

PROCEDURAL SUPPORTING GCAL: A supporting goal which 
requires showing a standard procedure related to the 
goal which it supports. Landa's (1974) 

identlf Icational and transformational algorithms 
usually satisfy this kind of supporting goal. 
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EXPLANATORY SUPPORTING COAL: A supporting goal which 

requires showing the underlying processes upon which 

the procedural goal it ^supports is based. 

Figure 17 sumnarlzes all' the condition variables that 
influence the use of structural strategies. 
Method Variables 

Vith respect to nethod variables, we ncntioned above 
that ue are only interested in structural strategies , a 
subset of organizational strategies. Structural strategies 
nay be classified as "the four S*s**: selection, sequencing, 
synthesizing, and summarizing. 

SELECTION STRATEGIES: Methods for deciding what parts 

of a subject matter to te&sh. 

SEQUENCING STRATEGIES; Methods for arranging the order 
in which the cons'/ucts atid relations selected will be 
presented to the student. * ' 

SYNTHESIZING STRATEGIES: Methods for teaching 
subject-matter st^'uctures (i.e., for teaching the 
relations among constructs). 

SUMMARIZII^G STRATEGIES: Methods for previewing or 
reviewing the constructs and relations selected. 
It would be possible to continue to breal^own each of 
these kinds of structural strategies into components* For 
instance, synthesizing strategies can be broken down into 
such components as: (1) frequency of synthesizers (how 

41 
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often they appear In Instruction of a given length), (2) 
timing of each yynthesl-.er (exactly vrhen It Is presented 
during the Instruction), (3) lovcl of eac synthesizer 
(which Is jn « continuum from very general or simple to very 
detailed or complex), (U) "''--Iveness of a synthesizer 
(the amount of material that la synthesized, with respect to 
both depth and .Ijreadth of material) , (5) type of synthesizer 
(whlcn la basically the type of relation shown, I.e., parta 
taxonbmlo, procedural prerequisite, etc.), (6) form of the 
synthesizer (which could be either literal or analogous^ , 
and (7) representation of the synthesizer (which could be 



prose, graphic, or dlagramatlc) . However, for our present 
purposes, we feel that such a detailed analysis of Jtrategy 
components must wait for a more extensive research effort. 

There are two other ways of classifying all structural 
strategies . One Is to classify them as either systematic 
or unsystemLMc. f 

SYSTEMATIC STRUCTIJRAL STRATEGIES: Structural 



strategies that are generated systematlctflly from 
principles or a theory. 

UMSTSTEMATIC STRUCTURAL STRATEGIES: Structural 
strategies that are not generated systematically from 
principles or a theory, such as structural strategies 
that are intuitively generated* ^ 
The other Is to classify all structural strategies as 
either macro- lev el or micro-level. 
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MACRO-LEVEL STRATEGIES: Strategies for structuring the 
■ajor sections of a course. For instance, they would 
Include strategies for selecting, sequencing, avnthe- 
Aizing, and summarizing the units of a textbook. 
MICRO-LEVEL STRATEGIES: Strategies for structuring the 
parts of the major sections of a course. For instance, 
the> would include strategies for selecting, 
sequencing, synthesizing, and sui^arizing the sections 

c 

of eaoh chapter of a textbook. 

Rather than beit;g diohotomous, macro-level and 
micro-level strategies lie on a continuum. 

As far as the systematio/unsystenatic distinction is 
concerned, we are only interested in systematic strategies* 
Systematic strategies can in turn be built up Intc different 
strategy models (complete sets of strategy components) based 
on each of the different kinds of orientation structures. 
Such models will be described In some detail in the next 
part of Section 2. 

There are two more concepts, which we would like to 
'describe: epli-ome and elaboration. 

EPITOME: A synthesizer which epitomizes the 
subject-matter /content to be taught li a course. It 
portrays only the most Important parts of the content 
and the most important Interrelationships among those 
parts. For exampl'i, tor a procedural orientation goal, 
the epitome woull be a very general-level prooedura 

4? 



that subsunes all of the alternative sub-procedures 
which the student needs to learn (see Figure 18). 



Insert Figure 18 about here 

ELABORATION: A portion of instruction which provides 
nore detailed or complex Information about a part of 
the content to be taught. A first-level elaboration 
elaborates on an epitome; a second-level elaboration 
•laboiates on a first-level elaboration; acd so on. 
Figure 19 summarizes these classifications of 
structural strategy variables. 



Insert Figure 19 aoout here 



SUMMARY OF THIS PART 
First, the context of structural strategies was 
described by means of a general framework for conoep- 
tualiaing and studying the effects of different methods 
under different conditions. This general-level classifi- 
cation achane divided the world of instruction into 
conditions, methods, and outcomes. Methods were classified 
•s organlxationail, delivery, and nanegewent; conditions were 
classified as goals and subject-matter characteristics, 
constraints, and student characteristics; and outcomes were 
classified as learner, instructional InstltutlOTi , and 
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sponsoring lnst\tutlon o comes. Organlzation^'iBethods were 
slso classlfifd as presentation strategics and structural 
strategies. It was stated that we are only Interested In 
structural strategies and the conditions (goals and 
subject-matter characteristics) which relate to them. 

Second, the Importance of clearly defining and clas- 
sifying Instructional variables and oorcepts was emphasized. 
It was indicated that the nature of the classifications and 
the preclseness of their definition will have s large Impact 
on progress in developing better methods for sequencing and 
synthesizing Instruction. An Important requirement for 
such progress is to break down methods of instruction Into 
their building blocks, and to base cne's research and 
theories on those more precise and clearly-defined strategy 
components. 

Finally, the variables relating to structural stra- 
tegies were def'r.ed and classified. They are summarized in 
Figure 20. 

Insert Figure 20 about here 



In the next part of Section 2, we will use these 
ooneepts and variables to develop, and to create prescrip- 
tions for the use of, whole models for structuring instruc- 
tion (I.e., integrated sets of structural strategy 

* 

variables). 
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SECTION 2, PART 2 
THE ELABORATION MODEL OF INSTRUCTION 
This part of Section 2 describes the elaboration model 
for sequencing anc synthesizing Instruction. All of the 
concepts whose Interrelationships are described by the model 
s defined In the previous part of this section. 
Model? 

Model'i show how things work. One can conceptualize 
aodels as being of two kinds: those which describe natural 
phenomena , which are Invariant, and those which describe 
ways to achieve some end , which are goal-oriented and 
therefore vary as goals vary. This distinction parallels 
the difference between descriptive sciences, such as the 
science of learning, and prescriptive sciences, such as the 
science of Instruction (Relgeluth, Bundersor, & Merrill, 
1978; Simon, 1969). The elaboration model of instruction is 
prescriptive— It describes ways to achieve given ends. 

There are two aspects of the ends of Instruction . One 
aspect is the nature of the general goals of a course of 
instruction. In the previous section we olassified them as 
effectiveness, efficiency, and appeal. These ends are 
fairly uniform for all instruction— that is, one wants the 
students to enjoy the instruction (appeal), one wants to 
achieve a given level of learning with a ninlmum of student 
^ine and monetary expenditure (efficiency), and one wants 
the instruction to be effective. Since these goals do not 
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vary nuoh from eours* to course, the model is fairly 
constant with respect to them. 

The other aspect of the ends of instruction is the 
nature of the particular goals of a given course of 
Instruction. In the previous section we classified them as 
conceptual, procedural, and theoretical. Since these goals 
v^ry from course to course, the model must vary with each of 
these goals. In this report we will describe the aspects of 
the model which do not vary from course to course. Then we 
will describe aspects which do vary from course to course. 
Principles 

First, however, since all models portray a conglomerate 
of principles, it may be helpful if we describe some general 
principles of instruction upon which the elaboration model 
Is based. These hypothesized principles are likely to be 
valid only for teaching a fairly large number of 
interrelated constructs. For a small number of constructs, 
sequencing and synthesizing strategies probably do no': make 
much difference. In-«ffect, the following seven hypothe- 
sized principles are parts of a more general "elaboration 
principle**; and each of these seven could in turn be broken 
down into more specific parts — more detailed principles. 

1) Initial synthesis principle . A general 

synthesizer — which shows the major parts of the subject 
natter and the major relationships among those partsr-should 
be presented at the very beginning of the instruction. 

60 
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("Should" means that doing so wHl result In the Instruction 
being more effective, efficient, and appealing.) 

2) Gradual elaboration principle . The parts of the 
Initial synthesizer should be gradually elaborated so that 
the sequence of the instruction proceeds •■ ■ from general to ^ 
detailed or from simple to complex. 

3) "Most important first" principle . Whatever one 
Judges to be the most important part of an epitome should be 
elaborated first. Importance is estimated by a subject- 
matter expert on the basis of such factors as contribution 
to understanding the whole orientation structure, frequency 
of use m the real world, or the seriousness of the 
consequences of inadequate use In the real world. The 
rationale for this principle Is that the sooner a part of an 
epitome is elaborated the better it will be learned, because 
the learner will gain more practice In doing and Integrating 
that part ry the end of the Instruction. 

J|) Optimal size principle . Each elaboration should 
be short enough that Its constructs can be recognized 
comfortably by the student and sjntheslzed comfortably by 
the Instruction, yet long enough that It provides a good 
amount of depth and breadth of elaboration. This optimal 
size is related to the limits of short-terra memory; but it 
is also likely that It Is Influenced by cognitive processing 
abilities (which are probably a function of mental maturity) 
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and by certain aubjeet-matter characteristics (such as the 
novelty of the items and the type of relation being 
synthesized) . 

5) Periodic synthesis principle . A synthesizer 
should be provided after each elaboration in order to teach 
the relations among the more detailed constructs that were 
just taught and to show the context of the elaboration 
within the epitome. The detail' or complexity of the 
relations taught should correspond with the detail or 
complexity of the constructs taught in the elaboration. 

6) Type of synthesizer principle . The following 
types of synthesizers should be used under the indicated 
conditions: a co trsptual structure (taxonoraic or matrix) 
for conceptual orientation goals* a theoretical structure 
for theoretical orientation goals, and c procedural 
structure for procedural orientation goals. 

7) Periodic summary principle . A sumraarlzer (e.g., a 
concise generality for each construct) should be provided 
before each synthesizer and before each expanded epitome* 
This will facilitate synthesis. 

An Analogy 

In order to understand the nature of the e"* boration 
moddl of instruction, an analogy may be helpful. Taking a 
look at subject matter "through** the elaboration model is 
similar in many respects to looking at a picture through a 
zo om lens . A person usually starts with a wlde*anglc view . 
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which shows the major parts of the picture and the major 
relationships among those parts (e.g., the composition or 
balance of the picture). 

The person then zooms in on a part of the picture. He 
could be forced to room in on a certain part, or he could be 
given the option of zooxlng In on whatever part Interests- 
him the most. Assme that. Instead of being continuous, the 
zoofli operates in steps or discrete levels. Zooming In one 
level on a given part of the picture allows the person to 
aee the major subparts of that part and the major 
'^relationships among those subparts. 

At this point several options are available. The 
person could p«n across at the sane level of detail to 
another part of the picture. Or he could continue to zoom 
In another level for more detail or cowplexlty on one of the 
subparts. Or he could zoom back out to the wide-angle view 
to review the context of that part within the whole picture. 
Again, the person could be forced to follow a certain 
pattern, he could be given the option of following any of a 
limited number of typea of patterns, or he could be given 
total freedom to follow any pattern he chooses. 

After viewing a set of detalla on a part of the picture 
(I.e., subpart* directly below a given part), the person 
should zoom back out to revlalt the part In order to 
synthesize that detail—that Is, to see with greater detail 

♦ 

•nd undc*£tandlng, the relationships among those subparts. 
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It Is also iBportant that the viewer proceed from the top 
down. Xn other words, no subpart should be Inspected before 
It has been seen fron the next-higher level. 

In a similar way , the elaboration model of instruction 
starts the student with a very broad, general \.ew of the 
subject natter to be taught. Then It gradually divides that 
subject natter Into parts, elaborates on each of those 
parts, divides those parts Into subparts, elaborates on each 
of those subparts, and so on until knowledge has reached the 
desired level of detail and complexity. 

This general-to-detalled organixation allows the 
learner to learn at the level of detail that is most 
■eaningfui (Ausubel. 1968) to him at any jjlven state in the 
development of his knowledge. The learner is always aware 
of the context and importance of the different constructs he 
is learning and of the important relationships among the 
constructs that he :jas learned. And the learner never has 
to struggle through a series of learning prerequisites that 

^Xt must be remembered that the zoom-lens analogy is 
Just an analogy and therefore that it has non-analogoUs 
aspaets. One such dissimilarity is that all the detail of 
the picture la aafially pre'-ent In the wlde-angla view, 
whareac the detail la not there ft all In the epitome. 
Alao, detail la added In discrete steps in the elaboration 

* 

model. 
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•re on too deep • level of detail to be Interesting or 
aeaningful at the initial stages of instruction. As he 
works his way to deeper levels of detail, increasingly 
oomplex prerequisites will need to be introduced. But if 
they are only introduced at the level of detail at which 
they are necessary, then the learner will want to learn 
those prerequisites because he will understand their impor- 
tance for learning at the level of detail that now interests 
hin. 

Unfortunately, up to now the zoon lens has hardly been 
used at all in instruction. Most instructional sequences 
begin with the "lens" zoomed all the way in at one corner of 
the "picture" and proceed— with the "lens" locked on that 
level of detail— to systematior^lly cover the entire scene. 
This has had unfcrtunate consequences both for synthesis and 
for motivation. 

The lack of utilization of a zoom lens in instruction, 
iir spite of the important pioneering work of Ausubel over 
two decades ago, nay be due primarily to Ausubel* s emphasis 
on the •olence of learning. Our present efforts are an 
attempt to develop the counterpart of those ideas in the 
science of instruction. The following is a description of 
some details of the elaboration model of instruction. 
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THE ELABORATION MODEL 
K*«ping in Bind the foregoing analogy of the zoom lens, 
Itiii following is a general dejorlption of the elaboration 
■odel of instruction (see Figure 21). The technical terns 
used herein are defined in the previous section. 



Insert Figure 21 about here 



1) The instruction begins with an epitome , which 
provides a general overview of the major aspects of the 
orientation st;*uoture. 

2) The instruction provides a primary-level elab- ' 
oration on each part of the epitome, beginning with the 
"most important** part. Importance is estimated by a 
subject-matter expert on the basis of such factors as 
contribution to understanding the whole orientation 
structure! frequency of subsequent use, or seriousness of 
oonsequenoes of a mistake. Each primary-level elaboration 
adds detail or complexity to the general understanding of 
each part of the epl'^ome. 

3) At the end Of each primary-level elaboration, the 
Instruction provides a summarlzer followed by an expanded 
epitome . The r '^marlzer gives a concise generality of each 
construct that was taught in the elaboration, and the 
expanded epitome shows (a) the Important relationships among 
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Figurt 21. Th« major conceptual relationships among the paru 
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tht subparts comprising the elaboration and (b) the context 
of the elaborated part within the epitome. 

4> After all of the primary-level elaborations/ 
•xpnnded epitomes (Si^e Figure 22), the instruction provides 
secondary-level elaborations , which usually elaborate on 
each primary-level elaboration rather than on the epitome 
--If such Is necessary to bring the student to the depth of 
understanding specified by the objectives of the 
instruction. Sometimes, however, the secondary-level 
elaborations elaborate on a different dimension of the 
orientation structure (see next part of this section). 



Insert Figure 22 about here 

5) At the end o each secondary-level elaboration, 
the Instruction provides a summarlxer and an expanded 
epitome , similar to those at the end of each primary-level 
elaboration. 

6) After all of the secondary-level elaborations that 
are needed have been presented and shown In expanded 
epitomes, then the pattern Is repeated for tertiary-level 
elaborations, fourth-level elaborations, etc .. If such are 
needed to bring the student to tho depth of understanding 
specified by the objectives of the Instruction. 



CPtTOME 



FRIMARY-LEVEL 
ELABORATIONS 



(1) EPITOME 



(2) APRIMAR/LEVEL 
ELABORATION 



(2) ANOTHER PRIMARY- 
LEVEL ELABORATION 



— 



SUMMARiZER AND 
(3) EXPANDED EPITOME ON 
THATELABOjUATION 




SUMMARIZER AND 
(3) EXPANDED EPITOME ON 
THAT ELABORATION 



ETC 



SECONDARY-LEVEL 
ELABORATIONS 



(4) A SECONDARY-LEVEL 
ELABORATION 



SUMMARIZER AND 
(5) EXPANDED EPiTOME ON 
THAT ELABORATION 



(4) ANOTHER SECONDARY- 
LEVEL ELABORATION 




SUMMARIZER AND 
(5) EXPANDED EPITOME ON 
THAT ELABORATION 
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LOWER-LEVi£L 
ELABORATIONS 



ETC. 
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(6) SO ON FOR TERTIARY AND FOURTH- 
LEVEL ELABORATIONS. IF NEEDED 



I 



(7) TERMINAL SUMMARIZSR 
AND TERMINAL EPITOME 



Figur* 22. 
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7) At the v«i*y end of the Instruction, a terminal 
enitome Is presented to synthesize the ctire domain of the 
subject matter. 

- VARlAtlONS OF THE MODEL 

There are many possible variations of this model. In 
reference to the zoom lens analogy, the instruction oould 
zoom In on Just one primary-level elaboration before zooming 
in on Its secondary-level elaborations, rather than zooming 
In on all primary-level elaborations before zooming In on 
any seoondary-level elaborations. Or the learner oould be 
given control over the sequencing of elaborations. However » 
we hypothesize that the most cost-effective variation is the 
one that was Just described in some detail and was 
Illustrated in Figure 22. 

Assuming that the most cost-effective variation were 
known. It is likely that the above-described aspects of the 
model would not vary from course to course— that is, the 
instruotional components described would always all be 
present and in the same order. However, there are two ways 
in which this model may systematically vary from one kind of 
course to another. 

First, the nature of the major strategy components 
described varies with the type of orientation goal . 
Although their presence and their order would probably not 
change, the epitome, the elaborations, and the synthesizers 
all vary considerably depending upon whether the orientation 



goals are caicuptual, procedural, or theoretical. Below is a 
description of those variations and i^ien each should be used. 

Ihe secOTid way in v/hich this model may vary fioni one course to 
another is that the epitoq^s, elaborations, and synthesizers are 
usually based on a number of interrelated structures (i.e. , a multi- 
structure) ratheaf than on a single orie«ltation structure. These 
variaticm are also briefly described below. 

Epitome 

The nature of the epitome and the procedures for creating it are 
different for each type of orientation goal: conceptual , procedural, 
or theoretical. the procedure for creating the epitome will be 
described in some detail in tlie next section of this report. The 
following is a description of the nature of the epitome for each type 
of orientation goal. 

Conceptual . like all epitomes , a conceptual ^epitare has two major 
parts : a synthesizer and the instnruction necessary to mderstand that 
synthesizer. The synthesizer in th5.s case is a conceptrual structure 
(either a taxononi/ or a matrix) , but this synthesizer must be a very 
siiiiple or general version of the concepDj^l orientation structure, and 
it nust subsune the majority of the subject matter that Is to be taught. 
It should contain the maximLca amount of material that a student can 
leam comfortably in one lesson (e.g. , in a one-hour 
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sitting). Such a conceptual synthesizer Is shown In Figure 
23. 



Insert Figure 23 about here 

The instruction necessa>*y for the student to understand 
the apitone*9 synthesizer will Include generalities, 
instances, and practice on each concept and a clear 
dasoriptlon of the relations portrayed in the synthesizer. 
The Instances and practice do not have be abstract; in 
fact, they should be concrete, real-life cases. But they 
should be chosen or generated so as to be simple enough for 
the student to learn at the Initial stages of the 
instruction. In order to teach each concept In the 
synthesizer, It may be necessary to Identify Its learning 
prerequisites, and to Include then In the Instruction if 
they cannot be assumed as entering knowledge of the 
students. 

Procedural* A procedural epitome Is also comprised of 
a synthesizer and the Instruction necessary to understand 
that synthesizer. The major difference iz that in this case 
the synthesizer Is a procedural . structure (elthc * 
procedural-prerequisite or procedural-decision). Again It 
oust be a very simple or general version of the complete 
procedural structure which represents the majority of the 
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Fi«ur« 23. A simple version of a conceptual structure that could be 
used M the tynthesiier in a conceptual epitome for an electronics course 
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subject matter that la to be taught. Such a simplified 
procedural synthesizer Is shown in Figure 2U. 



Insert Figure 24 about here 



The instructio n necessary for understanding the 
epitome's synthesizer will Include generallty- 
instanee-practioe instruction on each step (construct) and a 
clear description of the relation portrayed In the 
synthesizer. The Instances and practice should be real-life 
eases that are chosen or generated so as to be possible for 
the student to learn at the Initial stages of the 
instruction. For example, in reference to Figure 24, the 
circuit may be an extremely simple one having only one 
branch and no Infinity resistance value (Just a subnormal 
resistance value). If cny steps involve concept 
clasjlficatlon , those concepts may need to be taught; and 
their learning prerequisites may also need to be Identified 
and included In the instruction (If they cannot be assumed 
as entering knowledge of the students). 

Theoretical . A theoretical eplton.e Is also comprised 
of a synthesizer and of the Instruction neccj^sary to 
understand It. In this case the synthesizer Is a 
theoretlcel structure (either empirical or logical). Again 
It must be a very simple or general version of the complete 
theoretical structure which represents the majority of the 
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REFLACe DEFECTIVE 
COMPONENTS 



REMOVE ALL CONDUCTORS 
INTERFERING WITH NORMAL 
CIRCUITS 



EXAMINE BRANCHES 
HAVING AN INFINITY 
RESISTANCE VALUE 



EXAMINE BRANCHES HAVING 
A SUBNORMAL RESISTANCE 
VALUE 
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MEASURE RESISTANCE VALUES 
IN EACH BRANCH OF THE CIRCUIT 



OE-ENERQIZE CIRCUIT 
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In proesdurai •pitom* for a eouna on alaetronici troublashooting 
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subject aatttr to be taught. Such a simplified theoretical 
synthesizer Is shown In Figure 25. 

Insert Figure 25 about here 



The Instructio n necessary for understanding the 
epl tone's synthesizer will Include generalities, Instances, 
and practice on each construct and a clear description of 
the theoretical relations In that synthesizer. Again, the 
instances and practice should be real-life eases that are on 
a simplified level. (For example, in reference to Figure 
25, the student should be shown actual instances of the 
effects on E and I of s given change In R.) The theoretical 
structure is comprised primarily of concepts, and therefore 
their learning prerequisites may slso need to bo Identified 
and Inoltjded in the Instruction. 

Expanded epitomes . The expanded epitomes are basically 
the same as the epitome, except that their synthesizers are 
correspondingly extended to Include more complexity or 
detail, and those synthesizers will often be nested 
multlstructures. This applies for each type of orientation 
goal (conceptual, procedural, and theoretical). 
Elaborations 

The nature of the elaborations and of the procedures 
for creating them are also different for each type of 
orientation goal: conceptual, procedural, and theoretical. 



KEY: THI MATHEMATICAL SYMBOLS SHOW THE LOOICAL-THEOREJICAL 
RELATIONS BEIWEEN RESISTANCE JWI. ELECTROMOTIVE FORCE (E) 
AND CURRENT 10 IN A SIMELE SERIES DC CWCUIT. EMWRICALLY 
DETERMINED VALUES MAY VXRV SLIGHTLY FROl^TME LOdlCAL. 
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Tht prooedure for creating the elabcratlons will be 
desoi ibed la sone detail in the next part of this section. 
The following la description of the nature of the 
•laboratlons, for each type of orientation goal. 

Conceptual. Like all elaborations, the conceptual 
elaborations gradually lead th« student frca a v«ry general 
understanding of the subject matter to be taught (I.e., the 
•pltoae or the wide-angle view) to a level of coaplexlty .or 
detail specified by the objectives. In this easie, eae^ 
elaboration teaches concepts which are subordinate to a 
general ocneept that has-^lready been taught, either In the 
•pi tone (for first-level elaborations) or In. an elaboration 
ffor lower-level elaborations). In ot.her words, the topics 
of an elaboration are the parts or kinds (deperding \xpon the 
type of conceptual structure) of a general concept or 
concepts. 

Regardless of the type of elaboration (conceptual, 
procedural, or theoretical), the amount of material wlth:'n 
each elaboration must be gauged to the ability level of the 
learners. If there Is too much material. It will be too 
difficult for the student to synthesize (due to an excessive 
aemory and assimilation load), and the student will be less 
motivated (due to a greater difficulty In keeping the whole 
"picture" In mind). In an Introductory course for graduate 
students, much more material should be Included In each 
elaboration than In an Introductory course for Junior high 
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sehool 8tud«nts. The nount of Material in an elaboration 
tfity be adjusted either by changing the breadth of the elabo- 
ration or by changing the Oepth of the elaboration. For 
fairly simple material, a single elaboration could include 
an entire row of a taxonomy or of a matrix, or It could 
entail going three levels deep on a single box In the 
epitome. Specific recommendations are Included In the next 
section of this report. 

Procedural . Each procedural elaboration provides its 
dstall or complexity on a single step of the procedural 
epitome. Therefore, the amount of material within an 
elaboration should be adjusted only by changing the depth of 
the elaboration (with the exception that two steps of the 
epitome ^ ould be Included in an elaboration If they both 
have little depth). These are the two moat Important 
differences from the conceptual elaboration. 

Theoretical . Each theoretical elaboration provides Its 
complexity by teaching more local, detailed, and complex 
prinalplos that relate to a single aspect of the elementary 
model in the epitome. As with tha procedural elaboration, 
the amount of material within a theoretical elaboration 
should be adjusted only by changing the depth of the 
elaboration (but again, two aspects of the elemer.«-ary model 
oould be included In an elaboration if they both have little 
depth). Many textbooks which follow the course of the 
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historical development of a theory or model come fairly 
close to this paradigm of instructional organization. 
Synthesizers 

The nature of the synthesizer which follows each 
elaboration is very similar to that of the synthesizer which 
is part of the epitome. Thte major difference is its scope: 
the synthesizer that follows each elaboration synthesizes 
only the constructs that were taught in that elaboration. 
In addition this synthesizer shows the context of the part 
elaborated wthin the whole, but it is not intended to teach 
relations among the parts of different psrts—that Is a task 
reserved for the expanded epitome. 

Conceptual . A conceptual synthesizer is a conceptual 
structure that shows super/co/subordlnate relations among 
its concepts. It may show either par ta-ordlnate relations, 
or kinds-ordinate relations. Usually the synthesizer is 
Just a part of the total conceptual structure. 

Procedural . A procedural synthesizer Is a procedural 
structure that shows the order relations among its event 
concepts (steps). It way show either procedural- 
prerequisite relations or procedural-decision relations. 
Again the synthesizer is Just a part of the total procedui al 
Structure. 

Theoretical . A theoretic I synthesizer is a 
theoretical itructure that shows the theoretical relations 
(usu'^illy causal) among its constructs. It may show either 
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logical or empirical' theoretical relations. And this 
synthesizer Is also just a part of the total theoretical 
•structure* 
Multl-Strifctures 

We nentloned above that the epitomes, elaborations, and 
synthesizers comprising a course are' usually baaed on a 
number of Interrelated structures rather than on a single 
structure. We r^fer to such a set of Interrelated 
structures as a multi-structure. In the section on 
epitomes, it was Indicated that learning structures nay be 
needed in the design of the Instruction on the epitome 
synthesizer, in order to teach the learning prerequisites 
for each concept comprising the epitome synthesizer* But 
learning structtjres are not the only kind of structures that 
can be nested in an epitome or in an elaboration. 

The most important structure for a course is referred 
to as the orientation structure . It is selected on the 
basis of the orientation goals for the course (e.g., for 
conceptual orientation goals, a conceptual orientation 
structure Is used, etc.). That orientation structure should 
subsume all the Important subject matter that is to be 
taught. If the goals of a course are fairly diverse, it nay 
be necessary to treat It as several independent courses 
luaped into one, with each of those several courses having 
its own orientation structure* 
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Given, say, a theoretical crlentatlon atructure . the 
nature of the goals of the courae may call for teaching 
certain efficient procedure:! associated with different parts 
of the theory or model. In such a case, procedural 
structures would be nested within the theoretical 
orientation structure, and some of the elaborations wo^'ld 
elaborate on procedures rather than on parts of the theory 
or liodel. Simiiarly, some synthesizers would be procedural 
and some expanded epitomes would be multi-structural. 
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SUMMARY FOR THIS PART 

In this part of Section 2 we have described an 
Instructional model for sequencing and synthesizing 
instruction, based on the concepts described In the first 
part of this section. 

First, ^ distinguished two kinds of models and 
expressed the need for a model which describes ways to 
achieve some end In Instruction. Since general goals 
(ends}-'-such as effectiveness, efficiency, and appeal— do 
not vary much from course to course, the elaboration model 
of Instruction Is fairly consistent In related aspect's. But 
since particular goals (ends)--such as conceptual, 
procedural, or theoretical orlentations—do vary from course 
to course, the elaboration model varies from, course to 
course with respect to related aspects. 

Second, we presented some hypothesized principles of 
instruction upon which the elaboration model is based. 
These included: (1) the initial synthesis principle, (2) 
the gradual elaboration principle, (3) the "most important 
first" principle, (4) the optimal size principle, (5) the 
periodlo synthesis principle, (6) the type of synthesizer 
principle, and (7) the periodic summary principle. 

Third, we presented the zoom- lens analogy to facilitate 
an understanding of the nature of the elaboration model of 
instruction. A student starts with a wide-angle view of the 
subject matter and proceeds to zoom In for more detail on 
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each part of that wide-angle view, occasslonally zooming 
back OMt for context and synthesis. In some cases It may be 
best for a learner to pan across the entire subject matter 
on one level of the zoom before zooming In for more detail 
on any part, whereas In other contexts It may be best for 
the learner to continue to zoom In all the way on one area 
before zooming In at all on any of the other areas. In 
•till other contexts, It nay be best to let the student 
follow hla Interests, as long as It Is a zoom-In pattern 
rattrer than a zoom-out pattern. 

Fourth t the basic unvaryln f^ components of the 
elaboration model of Instruction were dcserlbedi an 
epitome, the first-level elaborations, the summarlzer and 
synthesizer following each first-level elaboration, the 
summarlzer and expanded epitome following all the 
first-level elaborations, the second-level elaborations, the 
summarlzer and synthesizer following each second-level 
elaboration, the summarlzer and expanded epitome following 
each set of second-level elaborations, and the terminal 
epitome summarizing the entire course — both Its constructs 
and its relations. 

Fifth, we described the variations of it\e elaboration 
model for different courses. The different patterns of 
sequencing, including learner control, were briefly 
mentioned. Then the nature of the epitomes, the 
elaborations, and the synthesizers were described for each 
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kind of orientation: conceptual, procedural, and 
theoretical. And finally, we discussed the use of diverse 
multl-scructures as a basis from which to design and 
organize the epitomes, the elaborations, and the 
synthesizers. 
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SECTION 2, PART 3 
A PROCEDURE FOR DESIGNING INSTRUCTION: 
THE ELABORATION MODEL 
Thla part of Section 2 describes a procedure for 
designing Inatructlon according to the elaboration model. 
The elaboration model of Instruction was Itself described In 
some detail In the previous parts of Section 2. 

CONTEXT 

We would like to reemphaslze an Important distinction 
presented In the first part of this section: that there are 
tirtf^ Important kinds of organizational strategies — 
presentation strategies ^, which are methods for organizing 
Instruction on a single construct, and structural strategies, 
which are methods for organizing aspects of Instruction that 
relate to more than one construct. Instructional design must 
produce specifications, or blueprints, for both of these 
kinds of strategies, and also for delivery and management 
strategies. The Instructional Quality Inventory (Merrill, 
Richards, Schmidt, & Wood, 1977) describes when and how to 
use different presentation strategies, and this report Is an 
Imporcant advance In describing when and how to use different 
structural strategies. 

^In a previous contract from the NPRDC we developed an 
Instrument called the Instructional Quality Inventory to 
describe Instructional design considerations related to 
presentation strategies. 
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Therefore, the procedure for designing instruction that 
is presented in this part of Section 2 is only one of the 
procedures that a designer needs. It is a procedure for 
planning the basic structure or framework of the 
instruction—that is. foY planning what specific constructs 
will be taught (selection), what order they will be taught in 
(sequencing), what relations among them will be taught 
(Synthesizing), and what ways those constructs and relations 
will be previewed and reviewed (summarizing). In effect, the 
design procedure described here replaces traditional task 
analysis and content analysis procedures. However, It should 
be kept in mind that the procedure described herein Is in 
need of extensive field testing and improvement in order to 
be develot^ed and refined to an extent that will make It a 
reliable guide for instructional designers. 

In this report, we will describe a six-step design pro- 
cedure for structuring the Instruction. This will include a 
description of variations in the procedure for each kind of 
orientation goal: conceptual, procedural, or theoretical. 
Then, we will illustrate this procedure with Navy electronics 
subject matter, culMlf.-*tlng in a "blueprint" for the Basic 
Electricity and Electronics course developed from the use of 
this procedure. Finally, we will outline the organization of 
the Mavy's current Basic Electricity and Electronics (BE and 
E) course to facilitate the eomoarlson of a hierarchical 
course deslffn with our elaboration mo del design. 
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THE DESIGN PROCEDURE 
The following Is a tentative alx-atep design procedure 
for structuring the Instruction In any course entailing 
cognitive subject matter (see Figure 26). This six-step 
procedure Is Illustrated in the next section of this report. 



Insert Figure 26 about here 



1. Choose the Type of Orientation Structure 

On the basis of the general goals of instruction, select 
one of the three types of orientation structures: conceptual, 
procedural, or theoretical. This will be the "structural 
emphasis" of the course, but it does net exclude teaching 
some of the relations Included In the other two types of 
orientation structures. 

If the emphasis of the course is on learning a large 'et 
of related concepts , then a conceptual orientation structure 
is most appropriate. If its emphasis is on learning a 
routine performance -'one that occurs only with sll»5ht 
variatlon--then a procedural orientation structure is most 
appropriate. And if its emphasis is on learning a set of 
underlying processes — ones that enable the learner to deal 
with or to understand a wide variety of situations (e.g., 
problem solving)— then a theoretical orientation structure Is 
most appropriate. 
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2. Makft that Orientation Structur e 

Onoe one of the three kinds of orientation structures has 
been selected, the instruotlcnal designer should make the 
Bost detailed or complux version of that structure for the 
subject natter to be taught. The amount of detail o** ooo- 
plexlty Included in that structure depends upon the objeo- 
tlves of the course. A subject-matter expert (SHE) will be 
needed to help derive the orientation structure, but it Is 
y likely that the (SHE) may not be explicitly aware of the 

existence of the structure to be derived, because structures 
are seldom taught. li Is also likely th^t the SHE (subject- 
matter expert) will not be famUlar with what a subject- 
matter structure Is. Therefore, specflflc procedures are 
needed for the Instructional designer to use in order to 
"tease out" of the subject-matter expert the necessary 
knowledge to make the orientation structure. These specific 
pro.'»edure3 are different for each of the three kiids of 
orientation structjrcs, and they are as follows. 

2a. Conceptual orientation strur.tures. The following 
are the steps that an instructional designer should follow In 
order to help a SHE to construct a conceptual orientation 
structure. First , make sure the SME understands the notion 
of super/co/su* ordinate relations among concepts and the 
notions of parts-ordinate and kinds-ordinate varieties of 
those relations. 
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Second , have the SHE Identify the most general concept In 
the 3ubJ#»ct-Batter area to be taught. This will uautlly be 
represented by the name of the subject-Qa«-.ter area, such as 
"tleotronlcs" or "computers". Write that concept at the top 
of two separate pieces of paper. 

Third , have the SME divide that concept Into Its most 
general parts, and put then dn one level Just below the top 
concept on one piece of paper. Also have the SME divide It 
Into Its most general kinds, and put them on one level Just 
below the top concept on the other piece of paper. 

Fourth, continue to derlv* a parts taxonomy on one piece 
of paper and a kinds taxonomy on the other by successively 
dividing each part into Its most general parts «nd by suc- 
cessively dividing each kind into xts most general kinds, 
until you have reached thi level of detail specified by the 
objectives. You will find that there are often several 
dlraensionj along which a concept may be ulvlded into kinds, 
for ^.n3^;ance, fees may be divided Into kinds according to 
thoir 4'ie (e.g., seedling, sapling), their type of leaf 
(e.g., deoiduous, pine), their root structure (e.g., tap root 
system), thfilr ecological environment (e.g., Jungle), etc. 
It will br helpful to identify all Important di^/ienslons . 

Fifth , on the basis of the objectives of the course, have 
the SME identify which taxonomies are most Important and 
whlcn ones tre most usefully combined to form a matrix. 
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Inportanoe nay be Influenced to t large extent by its utility 
in a matrix. Select the rost important t»' onooy or matrix as 
: e 01 ientation stru< ^ure, ihe most important taxonony may 
wot fit into a useful matrix, but it is likely that It will. 
If it does, the conceptual orientation structure will be 
••ther a parts-by-kinds matrix or a kinds-by-kinds matrix. 
The taxonomies that are not selected as the orientation 
9truoture should be saved, "because they will probably be used 
later as nested conceptual structures within the orientation 
structure. 

Sixth, have the SME check to make sur« that every concept 
that needs to be taught either is a part of the orientation 
structure or can be subsumed by the orientation structure as 
a part of a nested conceptual structure. 

2 fc. Procedural orientation structures. Tne following 
are the steps that an instructional designer should fellow in 
order to help a SME to construct a procedural orientation 
structure. First , make ^vrti the SME understands the notions 
of procedural prerequisite relation and procedural decision 
relation . 

Second , have v.he SrfE Identify all of the steps that th; 
learner needs to be able to do In order to perform the pro- 
cedure under the variety of conditions specified by the 
objectives. To do t^hls, it may be helpful to have ihe SME 
identify a very general procedure that subsumes all of the 
steps to be taught. Then have him •ystematically break down- 

82 



57 

each step of that general procedure into Its major parts and 
•Itcrnatlves, and each of them into its najor parts and 
alternatives, and so on until <1) you reach the level of 
detail necessary to acconmodate student entering knowledge 
aiid (2) ycu reach the level of complexity (i.e., the number 
of alternative branches) specified by the objectives. If 
there are several procedures for doing the sane thing under 
the sane conditions, then include only the nost efficient 
one. 

Thirds have the SME check to nake sure that all steps and 
all branches that need to be taught are included In the pro- 
cedural orientation structure. 

2c. Theoretical orientation structure. The following 
are the steps that the instructional designer should follow 
in order to h'^lp a SHE to construct a theoretical orientation 
structure. First , make sure the SME understands the notions 
of empirical and logical theoretical relations. 

Second , have the SME identify all the principles 
(theoretical relations) that the learner must know In order 
to be able to perform as required by the objective^. To do 
this, it nay be helpful to have the SME identify an elemen- 
tary set pf theoretical relations (model) that represents a 
foundation upon which the other theoretical relations ela- 
borate. Then have him systcjiatically identify the major 
theoretical relations (principles and models) which provide 
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nore detail or complexity on the elementary model, until you 
reach the level of detail and complexity specified by the 
objectives. 

Third, have the SHE check to make sure that all of the 
important principles have been included in the -heoretlcol 
orientation structure. 
1. Analyze the Orientation Structure 

The next step (see Figure 27) is for the instructional 
designer and the SHE to analyze the orientation structure 
just crea^ffd in order to Identify which parts of it should be 
included in the epitome and which should be added at each 
level of elaboration . Each level of elaboration is comprised 
of individual elaborations that are highly different from 
each other with respect to content because they elaborate on 
distinct parts of the subject matter. But esch level of 
elaboration as a whole tends to be quite similar to the 
previous level because it pr-zides more detail on the same 
content that was provided in the previous level. 



Insert Figure 27 about here 



Deriving the epitome requires extracting from the orien- 
tation structure a set of constructs and relations that 
epitomize r;he whole orientation structure. And deriving the 
levels of elaboration requires deciding upon -dimensions of 
complexity" which represent the basis upon which the dlf- 
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ferent levels elaborate on the epitome or on each other. 
Also, those dimensions of complexity must be analyzed to 
determine the order In which the different kinds of detail or 
complexity will be presented In the Instruction. 

The result of this third step Is an outline of the 
subject-matter content to oe included in the epitome and In 
»och level of elaboration. The specific procedures for doing 
this analysis of the orientation structure are also somewhat 
different for each of the three kinds of orientation struc- 
tures, and they are as follows. 

3a. Conceptual. The conceptual orientation structure in 
the easiest one f ' 5m which to derive an epitome . In the case 
of a taxonomy , you start "pruning" from the bottom up until 
you reach a small enough number of constructs for th«5 student 
to be able to learn and systheslze In one lesson. In ^he 
case of a matrix . (1) you split It into two (or in some cases 
three) composite taxonomies, (2) you "prune" each taxonomy 
from the bottom up until you reach half the number of con- 
structs that the student can learn and synthesize In one 
lesson, and (3)/you puf the taxonomies back together to form 
a matrix between their lowest remaining levels. The -esult- 
Ing portion of the conceptual structure Is presented as the 
epitome . 

The conceptual orientation stri'cture Is also the easiest 
for deriving the levels of elaboration , because the different 
dimensions of complexity are merely the levels on the 
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taxonony(les) . In the ease of a taxonomy , the content for 
the primary level of elaboration Is the highest level of the 
orientation structure that Is missing from the epitome. If 
that level Is fairly small, It may be advantageous to add 
back the two highest levels at the same time. In the case of 
a matrix, you add back the highest level of the most Impor- 
tant (as determined by your SME) taxonomy comprising the 
matrix. This process Is continued until all the parts of the 
orientation structure hcve been Included. The result of this 
step Is therefore a.: outline of the portions of the concep- 

* 

tual orientation structur.? that will be taught In the epitome 
and In each level of elaboration. 

3b. Procedural . The procedural orientation structure Is 
usually the hardest from which to derive an epitome because 
unlike ttte other two orientation structures It Is not merely 
"pruned". The following Is the procedure that the instruc- 
tional designer should follow. You should simplify the 
procedural orientation structure by lumping steps together 
Into more general steps and by eliminating branches for 
handling special conditions.. This simplification should 
continue until the resulting "Ideallicd" structure has a 
small enough number of steps for the student to be able to 
learn and synthesize them all In one lesson. That resulting 
si/ucture must Include onlj the most Important (e.g., most 
typical) actions to be taken—those actions which contribute 
most to understanding the complete procedure 
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In order to derive the levels of elaboration , you should 
decide what is the most important one of the actions (I.e., 
steps and/or branches) that were eliminated or lumped 
together and select that as the topic for the first-level 
elaboration. If it is smaller in scope than what the student 
can comfortably learn and synthesize in one lesson, then the 
two Bost Important actions could be included in that elabora- 
tion. This process is continued until you have identified 
the content of all the levels of elaboration that are needed 
to elaborate the epitome to the level of detail and complex- 
ity of the entire procedural orientation structure. The 
result of this step is therefore an outline of the aspects of 
the procedural orientation structure that will be taught In 
the epitome and in each level of elaboration. 

3c. Theoretical . The ecltome can be derived from the 
theoretical orientation structure by the following procedure. 
You should "prune** the theoretical orientation structure by 
eliminating all but the most fundamental theoretical rela- 
tions. Generally those are similar to the relations that 
were discovered first, historically. For example, Ohm's Law 
(E=IR> expresses nathematict J.iy the most fundamental 
theoretical relations in elect onics, and the law of supply 
and demand embodies the roost fundamental theoretical rela- 
tions in economics.. The theoretical orientation str'jcture Is 
therefcre simplified until the remaining theoretical rela- 
tions (1) are all of a fundamental or eleircntal nature (and 



62 

thereby subsune the remainder of the theoretical subject 
■atter) and (2) are of a number or size that the student Is 
able to It ind synthesize in one lesson. 

Derlv he levels of elaboration is more difficult. 

There are two techniques which help to identify the dimen- 
sions of complexity that form the basis for distinguishing 
the different levels of elaboration. First , you should list 
all the remaining principles (theoretical relations) in 
decreasing order of importance. Ifeportance is estimated by 
the SHE on the basis of such factors as contribution to 
understanding the whole theoretical structure, frequency of 
use, extensiveness of application, and utility for more 
advanced training. Principles that are of about the same 
Importance .ihould merely be jiruuped on a single level of 
Importance--! .e. , it is not necessary to try to put them In 
decreasing order in relation to each other. Then the SME 
should decide how many of the principles at the top of the 
list are fundamental enough to warrant Ir.cluslon in the 
primary level of elaboration, and how many of the remaining 
principles (after removing those for the primary level) 
should be included in the secondary level of elaboration, and 
so on. Keep in mind that level of importance Is the most 
Important criterion for inclusion according to this tech- 
nique. 
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The second technique to help in Identifying the different 
levels of ©laboratlbn Involves the development of a parallel 
conceptual structure, whose conctpts arc different conditions 
which require different levels of complexity of the prin- 
ciples (e.g., perfect conpetltion In economics, and simple DJ 
jclrcults in el^vctronlcs) . This parallel conceptual structure 
helps provide a basis for deciding which principles on the 
above-mentioned list should be introduced at each level of 
elWratlon, and it also helps to indicate ways in which in- 
dividual principles can be simplified for their initial 
presentation to the student, l-he SHE should try to identify 
conditions which slmplli*y the application of principles 
and/or reduce the number of principles which apply, and he 
should try to arrange those conditions into a conceptual 
structure. Both of these techniques are Illustrated below. 
The result of this step is an outline of the parts of the 
theoretical orientation structure that will be taught in the 
epitome and In each level of elaboration, and it may indicate 
parts of a parallel conceptual structure that will also be 
taught In the epitome and in each level of elaboration. 
H. Identify and Hake the Supportlng_Structurc3 

The next step (see Figure 28) is to Identify and make all 
the important supporting structures for the subject-matter 
content In the epitome and in each level of elaboration. 
Except for conceptual structures, an orientation structure 
will usually not have the same kind of supporting structure. 
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The procedure for performing this step varies little from one 
kind of orientation structure to another. It is as follows. 



Insert Figure 23 about here 



First , for each level of detail Identify any of the 
following three kinds of supporting goals which are Important 
(but not yet attained by the students) for the subject-matter 
content that Is introduced at that level: contextual , which 
specify useful super/co/subordinate relations within the 
content; procedural , which specify useful procedures that 
relate to the content; and explanatory , which specify under- 
lying processes or useful change relations entailing the 
content. Conceptual orlenta.tior.s are often supported by 
additton/il contextual gcals; procedural orientations are 
often supported by contextual goals :concept-cla3Si f Ication 
Is an Itbportant part of roost procedures— hence the usefulness 
of showing coordinate relations and sometimes even super/- 
SL'jordlnate relations); and theoretical orientations are 
often sjpForted both by procedural goals (to teach an 
efficlenx. way to implement a principle) and by contextual 
goals. 

Second , for each level of detail make the supnortlng 
structure that corresponds to each supporting goal. Some. of 
these supporting structures may be so small as to be in 
reality "supporting constrocts" , but they should be Included 
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Figurt 28. Tht six-step design proc«dure for structuring liie instruction in any course entaiiing cognitive subject maner. 
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Just the same. There skoulU be a conceptual supporting 
structure for each contextual supporting goal, a procedural 
supporting structure for each procedural supporting goal, and 
a theoretical supporting ftructure for each explanatory 
supporting goal. The result is a more detailed outline of 
th^ subject-matter content to be Included In the epitome and 
in each level of elaboration. 

Third , fo* every construct (Including those In supporting 
structures) at every level of detail, identify whether or not 
enabling supporting goal Is necessary, «^lven the entering 
knowledge of the students; and for each necessary enabling 
goal make a learning prerequisite structure that extends down 
to the le»el of entering knowledge of the students. Many of 
these supporting structures may also be so small as to be 
constructs but should nevertheless be included. In fact, a 
major purpose of the elaboration approach to sequencing la to 
make It unnecessary to have learning structures with more 
than about two levels at any ^Iven level of detail. 

The result of these three sub-steps is a complete outline 
of all the subject-matter content that should be Included In 
the epitome and In each level of elaboration. 

Alternatlvf. for exploration . We have Identified an 
alternative to nesting the supporting structures (with the 
exception of learning structures) within each level cf 
elaboration, but we need more time to explore its advlsabll- 
It;-. The alternative Is to hold off on presenting the 
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supporting structures (with the exception of learning 
structure) until a later level of elaboration, and then to 
present all the supporting structures of a given kind (e.g., 
procedural supporting structures) on one level of 
elcU^ratlon, The advantage of this alternative is that it 
nay be more consistent with the "most important first" prin- 
eipie in that the secondary (supporting) types of content are 
Presented after the most important (orientation) tyoe of 
cont^t. But a possible disadvantage is that the instruction 
ncy be disjointed— for in?tance, a procedure that Is closely 
related to a principle is presented separately from the 
principle rather than right wi*h it. For now we will stay 
with the nested presentation of supporting structures within 
each level of elaboration, '>ft we will explore the advntages 
and disadvantages of presenting them later in a s»?parate 
lev^el of elaboration. 

5. Identify the Individual Elaborations 

The next step (see Figure 29) is to use both the orien- 
tution structure and the supporting structures to analyze 
each level of elaboration as to its con,-.onent elaborations. 
(The epitome is not comprised of any elaborations an'i is 
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therefore excluded from this step.) This step is fairly 
constant for all three types of orientation structures, and 
it is as follows. 



Insert Figure 29 about here 



We mentioned above that each level of elaboration tends 
to discuss the same parts of the subject-matter content that 
were presented in the previous level only at a greater level 
of detail, whereas the individual elaborations comprising 
each level tend to .contain parts of the subject-matter con- 
tent that are highly different from each other. 

In the primary level of elaboration, each individual 
elaboration should be comprised of content that (1) provides 
more detail on one of the parts of the epitome plus its 
supporting structures, or that (2) provides more detail on 
the whole epitome. The Jength of each elaboration can be 
controlled to some extent by varying the araount of detail 
(especially with respect to the number of supporting struc- 
tures) that is presented in the elaboration. 

The secondary level of elaboration should reach a more 
complex, realistic, and/or detailed representation of the 
orientation structure, but otherwise it should be quite 
similar to the primary level'f In the secondary level each 
individual elaboration contains more detailed content on one 
part of the content that was presented in one of the 
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Flgufi 29. The sU^p deiisn procedur a for structuring the instruction in any course entailing ctsgnitive subject matter* 
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primary-level elaborations. Secondary-level elaborations 
should be grouped on the basis of the natural parts of the 
orientation structure and each such group should be 
internally synthesized (i.e., relations among its component 
constructs should be taught). If additional levels of 
elaboration are necessary, their content is identified in a 
similar mciuner. 

^ Alternative for exploration . Rather than having more 
detailed content on one part of the epitome (including that 
part's supporting structures) in each elaboration ip the 
primary level, it may be advantageous to include more de- 
tailed content on all parts of the epitome (without support- 
ing structures, except obviously for learning structures) in 
one elaboration, and to include all of one kind of their 
respective supporting structures (e.g., all procedural 
supporting structures), plus the learning prerequisites for 
those struct jS, in another elaboration, etc. Or if this 
would make each elaboration too long, then the more detailed 
content on the parts of the epitome (and their learning 
prerequisites) could be divided into two or three elabora- 
tions (even up to one elaboration per part). Then their 
respective supporting structures (and their learning pre- 
requisites) could be divided correspondingly. This 
alternative needs further evaluation. 
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6. Design the Epitome and All Elsboratlons 

The last step of the structural design procedure ^see 
Figure 30) is to make ' a "blueprint" of the structural 
strategy components and subject-matter content that are 
included in e&ch of those components. This step is fairly 
constant for all three types of orientation structures. 



Insert Figure 30 about here 

First, design the upitcroe. Plan out the sequence in 
which to present the constructs (including those in the 
supporting structures), and plan out th-* synthesizers and 
sumraarizer. A very general synthesizer (i.e., a very simple 
or general version of the orientation Sw»-ucture) should be 
presented first to show a pervasive relation amo.is con- 
structs, even though the constructs themselves are not 
understood yet. Then each construct should be presented 
individually according to presentation strategy design 
specifications (see Merrill, Reig&luth, i Faust, in press; 
Merrill, Richards, Schmidt, & Wood, 1977; Merrill & Tennyson, 
1977). Then those constructs shculd be summarized — i.e., 
listed al^ng with a concise generality for each. And finally 
a more complex synthesizer should be presented to show the 
pervasive relation once raxjre (and in somewhat greater 
detail), now that the constructs comprising that simple or 
general version of the orientation structure are understood. 
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Figurv ZO. Thi f lx*$tep design procedurt for itructuring the Instruction in sny course intailing coQnitlvt subject matter. 
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Keep In Bind that this design docinsent is a "blueprint", not 
the finished Instructional product. 

Second , design each elaboration in the primery level of 
elaboration. Basically the same pattern Is followed as for 
the epitome. Plan out the dequencln- of constructs, the 
synthesizerJ^, and the summarizer. A very geiveral s ynthesizer 
should be presented first (it may be a supporting structure 
Instead of a part of the orientation structure). Then each 
construct should be presented individually with full use of 
appropriate -presentation strategies. Then those constructs 
should be sutntoarized . And finally, an expanded epitome 
should' be presen»-ed to Internally and externally synthesize 
the constructs that were taught in this elaboration. In the 
case of a supporting structure having Just oeen taught, the 
expanded epitome would be a nested multi-structure that would 
both Internally synthesize the constructs (i.e., show Inter- 
relations among each other) and externally synthesize them 
(i.e., show Interrelations with other types of constructs). 
This pattern Is continued for each elaboration in the 
primary-level until all primary-level elaborations have been 
designed. 

Third , design each elaboration in each of the rem aining 
levels of elaboration. Here, the procedure Is almost 
Identical to that for the primary level. The major dif- 
ference Is that often there is a separ*atc elaboration/ 
txpandeo epitome for each part of each primary-level 
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eXabcratlon. In aueh a case, each aecondary-levei 
elaboration/expanded epitome relates to a single primary- 
level elaboration In the sstae way that each primary level 
•lahoration relates to the whole epitome: each secondEry- 
level elaboration elaborates on a part of a single 
prinary-level elaboration. However, it Is also possible to 
design Just one secondary-level elaboration to elaborate on 
an entire primary-level e*. iboratlon. 

Fourth , the Instruction ends with a terminal epitonte that 
Is identical to the entire orientation structure, except than 
some supporting structures may also be Illustrated, making It 
a nested mul tl-sf ructure. Figure 31 summarizes the six-step 
structural design procedure. 



Insert Figure 31 about here 



ILLUSTRATION OF THE DCSIGN PROCEDURE 
The following is an illustration of the above-described 
six-step design procedure for structuring the Instruction In 
any course entailing cognitive subject matter. The course 
material selected xor the illustration is that which Is 
presented In the Navy's Basic Electricity and Electronics (BE 
and £) course. 

1. Choose the Type of Orientation Structure 

The BE and E course's major purpose is to provide 
trainees with .a basic understanding of electronics and 
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electricity. The course is not s ^terminal" course that is 
intended to completely prepare the trainee for a apscific 
job; rather it is an "Introductory" course that is intended 
to prepare the trainee* for more advanced courses. This 
preparation entails the learning of concepts, procedures, and 
principles: but b> far the most important of these three 
types of content is principles. • The emphasis of the course 
should be on teaching a set of fundamental theoretical rela- 
/ tionships. Therefore, a theoretiral orientation structure is 
BJOSt appropriate for the course. 
2, Make that Oriertatlon Structure 

-A subject-matter expert (SME) is '^zzi to help derive the 
most detailed or complex «ersion of the theoretical orienta- 
tion structure that is required by the objectives of the BE^ 
and E course. 

First , we made sure that the SME unrfrrstood what we oeant 
by theoreti'idl relations. 

Second. -A^e had the SME i<st all of the theoretical 
relations ^principles) that the trainee should know (see 
Figurt 3^), given the objectives of the course; arid we had 
him diagram vhose relations so as to form a disgrsmatle 
representation of the theoretical orientation struct-ure '<3ee 
Figure 33). 



Inser i figures 3? and 33 about here 
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Third, we had the SME double check to make sure that no 
important theoretical relations were left ^ut. 
3, Analyze the Orientation Structure 

First , the designer and the SME identified ^he most 
fundamental theoretical relations (principles). they are 
expressed by Ohm's Law, which is ciathematically described as 
I^ER. This was selected as the topic for the epitome. 

Second , the SHE arranged the remaining theoretical 
relations (principles) in Figure 32 in decreasing order of 
iraportanoe (this iz already done in Flgur.e 32). Many prin- 
ciples were more or less at the saae level of importance, so 
they were grouped together into levels. 

Third, the SME identified a set of conditions which 
slfljplify the application of the principles and reduce the 
number of pi'inciples which apply. Tl-io'se conditions are the 
type of electricity (DC or AC) and the type of electrical 
circuit (simple, series, parallel, or combination). Figure 
3^ shows the resulting parallel conceptual structure. 



Insert Figure 3^ about here 

Fourth , on the basis of both the prioritized list and the 
dimensions of complexity shown in Figure 3«, we identified a 
set of theoretical relations that are of fundamental impor- 
tance to understanding electricity and electronics. They are 
those which relate to (1) power , which elaborates on E, and 



TYPES OF ELECTRICITY 



a 
u 

O 
w 

Ul 





DC 


AC 


Simple 


DC in 

simple 

circuits 


ACin 
simple • 
circuits 


Series 


DC in 
^es 

eirtuits 


AC In 
circuits 


Peraflei 


DC in 

paraiiei 

circuits 


AC In 

pafdnel 

circuits 


Combination 


DC in 

combination 
circuits 


AC in 

combination 
circuits 



/ 
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(2) frequency In alternating current, which elaborates on R. 
These were selected as the constructs for the primary level 
of elaboration, along with the AC-DC distinction in th« 
parallel conceptual structure. i 

Fifth , on the basis of both the p/iorltized list and the 
dimensions of complexity shown in the parallel conceptual 
structure, we identified the remaining theoretical relations 
that are the most fundamental elaborations on the theoretical 
relations presented in the primary level of elaboration. 
They are those related to the simple-series-parallel- 
combinatlon distinction in the parallel conceptual structure. 
These theoretical, relations were selected as th<» constructs 
for the secondary level of elaboration, aldng with the 
siropl e-s^ies-par allel-combination distinction in the 

parallel conceptual structure, 
. '^This process, was continued until the entire orientation 
structure was allocated to one or anotl.er part of the in- 
struction. Figure 35 outlines the parts of the theoretical 
orientation structure and of the parallel conceptual 
structure that were selected for the epitome and for each 
level of elaboration. 



Insert Figure 35 about here 
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Tc<^ntlfy and Hake the Supporting Structures . 

Given that we had selected a theoretical orientation 
goal, the supporting goals would not be explanatory; but it 
ia highly likely that there would be both important con- 
textual an.! important procedural supporting goals. There- 
fore, we first helped the SHE idrotify those supporting goals 
for the epitone and for each level of elaboration. 

Seccnd, for each level of detail (iitcluding the epitome) 
we helped the SHE make a conceptual supporting structure for 
each contextual supporting goal, and we helped him make a 
procedural supporting structure for each procedural 
sur,*orting goal. Examples are shovm in Figures 36-39. 



Insert Figures 16-39 about here 

Third, for every construct ClncluUng those in supporting 
structures) at each Isvel of detail, we identified whether or 
not an enabling supporting goal was necessary, given the 
entering knowledge of the trainees. And for each necessary 
enabling goal, we helped the SHE to raake a learning- 
prerequisite structure that extended to the level of entering 
knowledge. Examples are show in Figures UO-UZ, 



Insert Figures 40-M2 about here 



CIRCUIT 



tUPfLV 



RESISTORS 



CON- 

OUCTINQ 

MATERIAL 



NONCON- 
DUCTING 
MATERIAL 



CAPACITORS 



TWO 
PLATES 



INSUL' 
ATiON 



INDUCTORS 



K«yj Th« llni bctwcan two bom« on dlffirtnt Itvtti 
iTMtns that tht {ow«r box it • part of th« highar box. 



Flguft 38. A parti taxoncmy ai • concaptusi supporting ftructur*. 



RESISTOR 



COMPOSmON 
RESISTOR 



Wt RE-WOUND 
RESISTOR 



SLIDING 
CONTACT 




VARIABLE 



POTENTIOMETER 



RHEOSTAT 



Key: Th« Mm tMtwMn two boxes on <Uff«rent livelt mtant that the lowar box 
H I kM of the h\qb*r box. 



FHiur* 37. A kinds uxonomy as • conceptual supporting stnictura 

II 0 



REPLACE DEFECTIVE 
COMPONENTS 



REMOVE AUL CONDUCTORS 
INTERFERING WITH NORMAL 
CIRCUITS 



EXAMINE BRANCHES 
HAVING AN INFINITY 
RESISTANCE VALUE 

k 



I 



I 



EXAMINE BRANCHES HAVING 
A SUBNORMAL RESISTANCE 
VALUE 



T 



MEASURE RESISTANCE VALUES 
IN F.ACH BRANCH OF THE CIRCUIT 



OE-ENERQIZE CIRCUIT 



KEY: Th* trrow twtwitn two bontt on different lt«*U 
mtim that th« lowar box mu$t b* ptrforirtd 
b«fori th* his^tr box etn bi pirformtd. Bsxti 
on tht samt Ifytt em b« fMrformtd in any order. 
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As a result of this fourth step, wa prepared a conplite 
outline of the subieet-matter content that should be included 
in the epitome and in each level of elaboration. This 'out- 
line is shown in Figure 43. 



Insert Figure 43 about here 



5. Identify the Individual Elaborations 

With the help of the SHE, we divided up the principles in 
the priwary level of elaboration according to the part of the 
epitone cn which each 6f those principles elaborates. For 
instance, P (power) is an elaboration on E (electromotive 
force) because power is conceptually closer to E than to 
either I or R. Therefore, the power formula (see Figure 43) 
should comprise primary-level elaboration — that which elabo- 
rates on E. In a similar way we identified the prlniary*-levcl 
content that elaborates on I and that which elaborates 

Then, with the help of the SHE we divided up the prin- 
ciples in the secondary level of elaboration according to the 
part of a primary-level elaboration on which each of those 
principles elaborates. 

Figure 44 shows the content in each level of elaboration 
that was allocated to each individual elaboration within that 
lever. 



Insert Figure '»4 about here 
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6. Design the Epitome and All Elaborations 

This last step of the structural design procedure results 
In a "blueprint" of the structural strategy components and of 
the subject-Ratter content that Is included in each of those 
components. 

First, we designed the epitome by planning out the 
sequence in which to present the constructs (including those 
In the supporting structures), and by planning out the 
synthesizers anid the suuanarizers. The resulting "blueprint" 
of the epltooe Is shown in Figure ^^5. 



Insert Figure JJS about here 



Second, we designed each eluboratlon In the primary leve l 
of elaboration, agai^t by planning out the sequence In which 
to present the constructs, and by planning out the synthc- 
-srzers and suanaarlzers. The resulting blueprints are shown 
In Figures 46-^8. 



Insert Figures 46*48 about here 



Third, we designed each elaboration In the secondary 
levei of elaboration, again by planning out the sequence In 
which to present the constructs, by planning out the 
synthesizers and summarlzers, and also byj planning cMt the 
order In which to present each secondary-level elaboration. 
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For the purposes of this repcrt, we feel It is unneeejsary to 
present further illustration: of the resulting "blueprints". 

The way In which these individual "blueprints" fit 
together If - — j in Figure ^9, 



Insert Figure 49 about here 



COMPARISON WITH HIERARCHICAL DESIGN^ 
To facilitate the comparison of our elaboration approach 
with a hierarchical approach to instructional design, we have 
outlined the organization of the Navy's current Basic Elec- 
tricity and Electronics (BE and E) course (see Figure 50), 
The hierarchical design tends to start with the trivial and 
is characterized by a notable lack of integration or 
synthesis of the -jontent. 



Insert Figure 50 about here 



\ 

\ 



EPITOMC 
(FIGURE 20) 



fIRST PRIMARY- 
LEVEL ELABORA- 
TION AND EXPANDED 
EFITOME 
(PiaURE 21) 



SECOND PRIMARY- 
LEVEL ELABORA- 
TION ANO EXPANDED 
EPtTOMffi 
(FIGURES) 



THIRD PRIMARY- 
LEVEL ELABORA- 
TION AND EXPANDED 
EPITOME 
(FIGURE 23) 



J. 



FIRST SECONDARY- 
LEVEL ELABORATION 
AND EXPANDED 
EPITOME 





ETC 








r 




TERMINAL EPITOME j 
1 



FiflUff49. A Islutprinf of tha wty in which the btutprints" m tog^thtr. 

in7 



er|c 



BEMdE 
Numiwf 


n»t gt thMraticai 
inciudMt 


Hrt ef conceptual 


f42Q(X^rtift4l ftftlCUlffift 

9V mm%^^^% « 

induckd 


Proccdurtl fupportiny 
itnictufii included 


Ltiming 
prtrtc^ulsita 
tiruetufts included 


1 




SimpSe ct rcull 






i« simple circuii, basic 
aisebra. scientific 
rx7tafton 


2 


L«f I'hand ruit 


DC. AC« Caries) 




McMuring E 


magnetisni. electro- 
maQnetic ;nducilon, 
generator 


3 




Simpjf OC 


Rniitor (kinds) 


Measuring R« rtadiog 
resistor veluot 


R« resistor 


4 


1^ - Ij* ... 


Series, {paratlcl) 
OC 




Meisuring f, E 
Cdlculasing 


Series circuit, (paraltel 
circuit), applied 
voltage 


S 


P- El 


ScfUs, DC 




Cilcursting E« t, R, P 
Manipulatirifl 1 
TroubleihooiSng 


short circuits^ open 
circuits 


0 


^•"^Rl ■^R2"••• 
'T' 'r1 *'R2*-" 

«T-rtrT 

Ry • ^ Rj ♦ * » • 

*'t"^R1 ♦*'r2*--- 






C^culitionl 
Traub^oshootirH? 


Pariilel circuit, 
equivalent resistaiKe 

1 



Nota: This Hsum dot not contttn el t^t• oontint in tfw 8i «Mi E couna. it li Inttndcd to thrt 
an IndJcitioo el th« iMiurt of lh« «5«nl»iticHi ol thl» »irtion of th» s«*ifi«. 



FIfiurf 50. An wrtlln* of th« offianlzation of thi Navy'i BkJc Eltclricity ind EI«ctronlc$ count. 



13d 



BE Mid E 

ModtOt 

Number 


Pftitof thtoffltkal 
ori«nUtiofi ttrucuift 
indudid 


Ptnef conuptuii 
panttt) tUuetUf • 
indudtd 


Concaptual 

f up porting nmcturti 

indudtd 


Procadurai supfiortifvg 
struetum Inciudtd 


Laamlng 

prtraquisilte 
strueturts indttdad' 


7 

{Contimwd) 




Combin«tion 




Cateutations 
Dtsigning a vo;sa8a 
dMdcr • 


Comtrination circuns. 
voltaga dtvidars 


8 


Ltnx's Uw 
Factors if feciing 
indi^anci 


AC 


IndyclOf (kinds) 
Etectromagnetic 
inductor Iparu) 


Calcuiating L 


L. induction* 
Irufuclor, countar 
EMF 


9 


1 ^ J ^ • t • 


All 




Calculatkms 
Readlr^ inductor 
vaiuas 




to 


Effic-fjsa 


AC 


Transformer (parts) 


CaZculations 


Transformer* turns, 
primarv* sacondary* 
load, transformer 
af ficianoy, ttctlVm 


11 


Factors iffttciing capad* 
tanct 


AN 


Capacitor (kinds) 


(^.tilatkms 

Rf adino capacitor 

• 


(X ctpacitanca. 
capacitor, X^^, phasa. 

HC tima coostant, 
ippaf . t P| 



Nott: Thli figura do«t not contain sii of th« eonttnt In tht BE snd E couim. it Ii Ututtfkd to ai** 
an indkation of tht natura of tht erganiifttion of thii vtmion of th« ooum. 

Fiflurt 50. (Continuwi} An outiint of th« organisation of the Navy's Basic Electricity and Etectrotilcs 



coursa. 



No 



14 



BEandE 

Modute 

Numbif 


fsrt of th«Of«tieai 
oritnuiioa stnieim 
Indadtd 


Part of conetptu«l 


lupporting iimetum 
Intiudtd 


Prooedurat fup|K>rttf)Q 
ftnKturcs included 


fmrtquUitt 
ftructurcc indudtd 


1! 

— 


p -IlHlP 
M App«f . P 

rtUttomhipi 











Not*: ThH fs^rt do«i fiol cofitaln all of tht content in th« BE ind E oxirM. It is kitmdad to giv* 
in indication of tha naiuf • of tha orfpnUailon of thti varsioit of th* oourst. 



FigufiSO* (Continued) An OMttint of tho orgr^nixatlon of tht Novy^i Basle 



79 

SECTION 3 
APPLICABILITY TO NAVY TRAIN INC 
Th« •ppXieablXity of the instructional wodel «nd 

r 

ittstruet&onal dosisn proctdures to Navy training is 
•seoXitnt and hifthly iaportant. The elaboration nodel of 
inatruotion applies equally as well to training Ci.e,, the 
teaehing of perforaanee skills and prooadures) as to morf 
purely eognitive Cacadeaio) types of instruction. Most 
training types of instruction have a procedural orientation 
'and ean very profitably^utrilixe V ^roctdural epitome and 
subsequent ilevels, or ^elaboration aoecrdlng to the model. 
There are t^o^n frequent situations in which the model would 
not apply. If the course ia^very short , the notion of 

* 

epitome/elaboration would make little difference because the 
content is small enough that sequencing and syntheslxing 
will not make much difference (aS long as learning prerequi- 
sites are considered). And if there is no structural inter- 
relatcdness among the constructs being taughv , such ss a 
course that entails meoorizing morse code or signal Hags, 
then the notion of epitome/elaboration does not apply. 

7n addition to having breed applicability to Navy 
training, the elaboration model is very important for Navy 
training. There are two reasons for this Importance (they 
are really different sides of the same coin): <1) the 
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inadequacy of current hierarchical methods for structuring a 
course and (2) the particular strengths of the elaboration 
BodeX for structuring a course. 

The aajor reason for the inadequacy of current hierar- 
chical methods for structuring a course is that learning 
hierarchies are only one aspect of the structure of subject 
•atter content. Therefore, at best it represents a very 
ineoaplete basis upon which to make decisions about sequen- 
cing that subject natter content. Also, of all %h« aspects 
of the structure of subject matter qontent, learning 
hierarchies are the only one that is totally useless for 
synthesizing the content. 

There are at least three particular strengths of the 
elaboration model for structuring a course: CD its 
emphasis is on the analysis of the organization or structure 
of the subject matterj (2) the model was developed on the 
basis of prescriptive principles of instruction that place 
top priority on increased effectiveness, efficiency, and 
appeal of the instruction, and those principles are highly 
consistent with recent theories of cognit^ive psychology; and 
(3) the increased efficiency and effectiveness of this 
nethod for structuring a course should reduce training costs 
in a criterion-referenced setting. 

The elaboration model emphasizes the analysis of the 
organtzstion or structure of the subjeot matter . This is an 
important improveti.^nt in the theory of instructional design 
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bteause It provides a el&rlty In the understanding of 
ralationshlps (within the subject natter) that provide an 
inportant basis for naklng decisions about good sequenolng 
and synthesizing strategies. Being able to nake consis- 
tently good decisions about sequencing and synthesizing 
strategies stakes possible a level of Instructional 
flffaetlveness, efficiency, and appeal that was previously 
unattainable. 

Second, the alaboratlon model Is based on prescriptive 
principles 'of Instruction that place top priority on 
Increased Instructional ef fectlvenss , efficiency, and 
appeal. The eaphasls Is on what ought to happen and how to 
iaak3 It happen, rather than on what tends to be In the 
majority of cases. It Is the difference between Improving 
the way people learn and merely describing the way people 
learn. This difference is what distinguishes the science of 
instruction from the science of learning. Yet, clearly, the 
science of Instruction is based to some extent in the 
science of learningi improving the way peopfe learn is 
dependent to some extent on understanding the way people 
learn. For these reasons, we would like to emphasize that 
the elaboration model is highly cpnsistent with current 
theories of cognitive psychology. 2t is highly consistent 
with Ausubel's theory of subsumptlon (Ausubel, 1963, 1968) 
and with the newer schemata theory (Anderson, 1978). .On the 
basis of these theories and on the basis of our empirical 
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•xp«rienct, tht •laboratlon model should result In greater 
• ffcetiveness, long-tAr-* retention, and transfer/ 
geo«r»ll2atloR to new situations because of greater 
■eanlngfulness and coheslveness of the Instructional 
content. 

The third reason why the elaboration nodel is very 
isiportaot for Kavy training Is that it should reduce 
training tl«e in a criterion-referenced setting and thereby 
reduce training costs . This savings Is a benefit of the 
Bodel's higher instructional effectiveness and efficiency. 

Finally, we would like to point out that the eUbo- 
ration nodel extends and eonp*ements the Instructional 
Quality Inventory . Whereas the IQl focused on considera- 
tions for instructional design on a single construct, the 
•laboratlon model focuses on design considerations related 
to relationships among constructs. The two Instruments form 
• comprehensive approach to instructional design. 
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SECTIOM * 
FURTHEB XMVESTIGATXOKS 
• There 'are tw B^Jor kinds of further investigations 
vhioh «e feel need to be done: (1) those which improve the 
products that we have already developed in this project and 
(2) those which extend what we have done to new applica- 
tions. These two kinds of investigations are discussed in 
greater detail below* 
Iwprevinyt What V« Have 

We reoonaend two separate activities for iaproving the 
products that we have developed In this project: (1) 
•apirieaX research to test and inprove the instructional 
■odel and C2) a large-scale developw en t prcject to exten- 
sively and rigorously field-teat the design procedures. 

Ve propose that the type of empirical research needed 
is not of the prevalent "controlled experiennt" variety. 
Kather we advocate the type '»f eaplrieal research that 
studies whole Bodels of instruction and deternincs what 
conponcnts are needed Jto coaprlae the best possible nodel 
for given instr^iional conditions (see Relgeluth, 1977). 
There for^f^thls type of research must be per "med under 
repllstie conditions, 
^ Toward this end, we recommend the performance of two 
types of experiments: 4 correlational study/ and an 
experimental study. The purpose of the correlatl<^nal study 
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la to dttenalne the relative value (I.e., relative contrl- 
butivH to instructional effectiveness, efficiency, and 
appeal) of each part of an extremely ♦•rich" model (i.e., a 
BOdeX that includes an unusually large number of strategy 
eonponents). This study results in a rank-ordering of the 
strategy components that comprise the model. 

Then, on the basis of this rank-ordering the experi- 
mental study can be diisigned. Its purpose is to test that 
rank-ordering under an "alternative models" paradigm. This 
paradigm requires that each strategy component be tested in 
ocmbination with only those s* ategy components which are 
acre valuable than' itself, rather than being tested in 
oonbination with all other strategy components. To accom- 
plish this, the f^rst treatment la formed by implementing 
the most valuable strategy component (or the two moat 
valuable components, etc.) as determined by ihe correla- 
tional study. The second treat?nent is formed by adding to 
it (them) the next most valuable strategy component, and so 
on until about ten treataents are formed. The least 
valuable strategy Components in the correlational study will 
probably be left out of this experiment. This experiment 
will either confirm the rank-ordering of strategy com- 
ponents, or it will lead V a new rank-ordering, which in 
turn may need to be confirmed by another similar experi- 
mental study. 

t4u 
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The resuit of these two types of studies will be an 
improved model of instruction. Scsc strategy components 
vlll probably be elinlnated from the model for lack of 
eontribution to effectlvcfness, efficiency, and appeal; and 
other components may be added. 

We also propose that a large-scale development project 
is needed to improve the instructional design procedures. 
Our field test on electronics '.elped greatly to improve the 
design procedures developed In this project, but it was only 
a partial field test because it was beyond the scope of our 
funding to develop more than a "blueprint" of the most 
important constructs in electronics. An entire large-scale 
development project would undoubtedly lead to considerable 
Inprovetoent in the Instructional design procedures that we 
have developed in this project. Although the development 
project would cost more than the standard development 
currently done by Courseware, Incorporated, that extra cost 
would in reality be a relatively Inexpensive research 
project; and we are confident that the instruction resulting 
from the project would he superior to that currently pro- 
duced by Courseware, Incorporated, in spite of the experi- 
mental nature of the development project. 
E^tendlnf^ What We Have 

We recommend extending what we have developed In this 
project to new applications (i.e., applications other than 
deslm). The most valuable extension for the Kavy would 
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probably b« the development of ■ diagnoatlo/evaluatlve 
instrunent (aiwllar to the Inatructlonal Qualit y Inventory) 
for analyzing and Inproving exlating Nf / Instruction. Such 
an inatrunent would conpleaent rather than replace the 
Inatructlonal Quality Inventory because it would extend the 
analysis of Instructional quality to structural strategies, 
which are currently totally ignored by the IQI. It is 
liy^ly that the structural aspects of instructional quality 
will have at leaat as great an Impact on improving the 
•ffeetlveness and efficiency of Instruction as have the 
IQI's presentation aspects of instructional quality. 
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